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4  ljy$k  high  back-volfcags  gonmanlum-*  crystal  recti  f  or 
poiiseeseB  many  admntagen  over  the  vacuum' tub©  diode.,  I  t  hf  £ 
a  much  lower  forward  real  at  arc  s  and  has  a  current- voltage 
characteristic  which  passe#  through  the  origin  In  addition 
It  le  email,,  requiring  little  =»p&ee„  no  heater  power,  and 
tiavlng  very  email,  inter©!  ectroie  capacitance,  de  dissnd'aa- 
tag#  la  that  it  i ins  a  hack  conductance  whi  ch  frequently  cam  c  t 
be  neglect  ad  and  which  increases  wi  th  temperatures,  Crystal  r> 
are  need  Hi  Whirlwind  1  for  clamping  (d*-c  restoration^  lor 
t eolation  in  coupling  trigger  sources  to  flip- flops^  for  mixing 
signals  in  a  common  load,  in  high-speed  »u.lti  position  awltcheo , 
mid  in  pulse- generating  circuits  v*fcn  audition,  Sylvan! a  a 
developing  special  high* conductivity  crystals  for  coupling 
to  the  dl git-tracofer  bu»  and  for  use  in  the  deflection  nircuito 
Measured not e  have  been  mr.de  to  determlh^  the  character'! abler  of 
cry  stal particularly  at  overload  and  at  high  ambient  tempera-" 
tuxes,,  These  measurements  are  reported  in  E  106  R-ili*  H»1G8<, 
and  M~68„  Close  contact.  hue  bsen  maintained  with  the  crystal 
group  at  Jyl  vania,,  where  life  testa.  Including  Idfo  testa  under 
pulse  couditlono  at  high  amble  it  temperatures,  arsMjoing  con- 
Quoted  See  M-58  and  K-41  ,  Our  experience  with  cryritsi 
failures  and  deterioration  1b  described  In  M  110,  A  t coyer 
for  selection  of  crystals  for  computer  circuits  is  daecrlftsd 
in  E~37  and  M  92,  and  is  show  in  photograph  FB-273  A  clamp  to 
avoid  overheating  when  eolderiiig  is  shown  in  photograph  FB-30.5,,  \ 
Standard  symbol e  for  crystal©  are  set  forth  t.n  E-69 

A*  element  which  has  two  stable  states,,  symbol  FF„  is 
seseotLaJ  to  the  Whirlwind  conqiutere  as  msy  be  seen  from  the 
block  diagrams  liy  using  a  resistance- coupled  multivibrator 
or  flip-flop,  employing  two  pentodes,  such  an  element  la  ob¬ 
tained  having  a  switching  time  of  approximately  0,1  micro  second. 
The  development  of  a  reliable  high*  Bpeed  flip-flop  has  oon  ti 
prime  conal deration  of  the  electronics  group  and  a  continuous 
Investigation  of  flip  flop  circuits,  Including  stability,  tube 
characteristics,,  component  tolerances,  and  life  has  been  uacer» 
way  since  the  spring  of  1.946  and  will  continue  Thin  invent}, 
gat  ion  ie  described  in  E-  113,,  U-42.,  E-56„  E-57«  H-99  „  h-i4  and 
M  138, 

In  crdei  to  avoid  tho  cascading  ot  power  suppli  oa,  the 
amplification  of  power*- supply  voltage  drift  filameaV transfOTBur 
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isolation,  and  other  difficulties  accompanying  direct  con.pl In; 
a  scheme  of  n**o  coupling  hao  been  devised  which  preserve!)  the 
functional  advantages  of  d-c  coupling.  This  scheme  raqu  fee 
that  each  flip-flop  In  the  computer  he  triggered  twice  ty  two 
pulses  one  microsecond  apart  (so  that  it  returns  to  its  original 
fitate)  during  a  tliao  in  the  cycle  when  the  flip-flop  10  not 
otherwise  active.  Thin  Is  dor. a  frequently  enough  no  that  the 
coupling  capacitors  do  not  have  time  to  discharge ;  the  declroc 
d-c  level  ie  obtained  hy  use  of  clamping  diodes,  -‘his  io  an 
important  factor  in  the  Whirlwind  computers  which  wakes  operatic 
more  reliable  by  permitting  wider  tolerances  on  power-supply 
voltages  said  pulse  amplitudes.  It  is  described,  in  M-77e  i<*-39(. 

M  -91 ,  and  S-47. 
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@  CURVES  FOR  NOS.  I  TO  II  OF  THE  TWELVE 
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A-  30476 


To  determine  what  affect  overloading  these  diodes,  both 
in  the  forward  and  bank  direction  has  upon  the  characteristics  of  the 
diode Sn 

To  determine  too  effect  of  increased  smbloat  temperature 
on  the  character! atlas  of  the  diodes® 
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Overloading  a  diode  to  tviee  its  maocisnim  rated  forward 
cairreat  produces  no  permanent  affect D  Overloading  it  five  times  its 
tacslsnaa  rated  forward  currant  change 0  its  forward  characteristic ;; 
forward  resistance  increases  about  12  per  cent®  Ihrthar  overloading 
not  only  increases  those  changes  but  also  produces  a  permanent  change 
in  back  resistance®  Testa  show  same  diode®  will  take  one  amp  era  for<= 
ward  currant  bafore  total  breakdown®  Test  on  ten  diodes  at  33®  5  o 
indicate  that  an  Increase  of  back  voltage  beyond  50  volte  is 
undesirable®  Overloading  diodes  to  twice  their  mssisaisi  rated  back 
voltage  is  impossible  without  destroying  the  diode  or  permanently 
changing  the  diou".  cher actor! stic® 

i’ajuperature  to  at  a  show  that  over  ths>  range  of  80  G  above 
room  teicperaturs,  change  In  diode  forward  characteristics  la  small® 

Temperature  changes  of  30  0,  however,  dc  change  tho  back 
characteristics®  Aa  increase  of  20UC  above  room  temperature  will  cause 
the  beck  resistance  at  low  back  voltages  to  drop  as  much  as  80$  of 
the  resistance  &t  room  temperature®  1’ha  resistance  v;ill  return  to  it? 
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original  value  as  the  temper  ature  1b  returned  to  room  tamper atur a, . 

Greater  increases  in  temperature  further  decreases  bank  reel  stance., 

The  teste  indicate  that  as  temperature  increases  he  sate  maximum 
hack  voltage  decreases* 

Overload  TeatlUJLJjG^^^ 

First,  the  characteristics  over  the  rated  range  wore 
measured  on  four  diodes.  The  test  circuit  was  the  Sivnoao  that 
previously  used  to  determine  the  characteristics  of  *®J4  diode e.  and 
1*  shown  in  Drawing  No.  A-30467.  Graphs  A-38172-G  and  A~  3817, >  It, 
show  the  characteristics  over  the  range  to  hoth  forward  and  hack  rated 
conditions  for  one  of  the  diodes  tested. 

Overloads  were  put  on  the  four  diodes  by  applying  mul  Inlae 
of  maximum  rated  current.  The  first  overload  was  twice  the  maximum 
rated  current,  50  ma„  With  this  currant,  the  voltage  across  om  Gaod e 
measured  2.7  volts,  a  resistance  of  54  ohm*.  No  change  was  indicated 
after  five  minutes.  This  overload  produced  no  change  In  the  forward 
characteristic  of  the  diode  When  the  diode  was  subjected  to  an  over. 
l0S  of  f^e  times  the  maximum  rated  currant,  125  ma.  the  voltage  wan 
cz  2  volts  The  voltage  drifted  to  5.0  volte  in  33  seconds  and  at  the 

11  rf  mo  minutes  Cached  4.5  volts.  This  overloading  produced  a 
permanent  change  in  the  diode*  When  the  diode  was  given  the  original 
,;,i  again  at  rated  conditions,  the  for»ard  rMl.tan..  «ac  approri.ntel, 

12  per  cent  greater  for  all  values  of  current.  Aa  overload  of  ton 
times  the  maximum  rated  current,  250  ma.  produced  a  voltage  of  o. 3  volts. 
A  slow  drifting  of  the  current  was  observed  and  after  two  and  one- half 

errant  Jcapod  to  80S  »a.  and  the  volt*,  at  the  .o» 
dropped  to  5.0  volte.  After  five  minutes,  the  current  and  voltage 
stabilised  at  264  ma..  and  5.2  volts,  a  resistance  of  20  ohms.  Hestt* 
of  repeating  the  original  test  over  the  range  of  rated  conditions 
showed  the  forward  resistance  of  the  diode  was  permanently  increased 
25  por  cent  by  overloading  ten  times  the  maximum  rated  current.  Next, 
the  current  was  slowly  Increased.  With  800  ma.  and  6.5  vo  s,  io 
suparant  damage  was  produced.  At  slightly  more  than  one  ampere,  the 
SSS^rSSlut  with  a  snap  and  a  flash  of  blue  light.  The  wax  filler 
was  forced  out  the  side.  The  throe  other  diodes  tested  exhibited 
approximately  the  same  behavior. 

Testing  three  more  diodes  over  the  range  o*  rated  hack  volt?  e 
after  each  forward  overloading  showed  that  forward  overloading  to 
five  times  the  rated  forward  current  caused  no  effect  on  the  original 
back  characteristics.  However,  greater  forward  overloading  changed  the 
back  characteristics.  When  tho  back  resistance  was  measured  at  cO 
volts  after  an  overload  of  ten  times  rated  forward  current,  the  back 
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resistance  of  the  three  diodes  was  found  to  have  changed  *77  per 
cent,,  -50  per  cent,  and  -74  par  cent  of  the  origins!  'back  re  a!  stance 
at  50  volt  a o  After  &  forward  overload  of  ben  timoe  rated  forward 
current,  the  hack  resistance  changed  as  much  as  77  per  cent,  while  the 
forward  resist  ©nee  increased  hut  25  par  c  oat , 

5?he  circuit  used  for  the  hack  overload  tests  watt  similar 
bo  that  used  for  the  forward  overload  test,  The  ambient  temperature 
was  23,5°0,  Characteristics  over  the  range  to  maximum  rated  hack 
voltage  wore  measured,  2hr  one  diode,  th®  resistance  at  juaxijsnro 
rated  hack  voltage,  50  volts,  was  167,000  ohm®.  She  hack  voltage  was 
gradually  increased.  The  current  reached  5,0  ma,  eb  70  volts,  There¬ 
after,  the  current  increased  rcpidly,  At  71  volts,  the  currant  was 
8,5  ma.  Just  beyond  71  volts  the  current  suddenly  jumped  to  24  an,  and 
the  voltage  at  the  warns  time  dropped  to  34  volts,  Any  further  attempt 
to  increase  the  applied  voltage,  resulted  in  increased  current  and  a 
decreased  voltage  across  the  diode,  indicating  a  negative  elope  of  the 
characteristic.  With  30  ma,  current  through  the  diode,  the  voltage 
across  had  dropped  to  30  volt  is,  Hera  It  was  unstable;  the  voltage 
drifted  to  26  volte  In  throe  minutes.  This  overload  definitely  changed 
the  characteristics  of  the  died®,,  Reducing  the  voltage  to  aero  volts 
and  gradually  increasing  It  again  showed  that  the  negative  slop© 
appeared  at  a  lower  voltage,  54  wits.  At  38  volts  and  60  ma,  the 
diode  burned  out  and  opened  circuit. 

Tests  wore  made  on  ten  more  diodes.  The  results  showed  that 
for  the  11  diodes  tested,  the  range  of  critical  voltage  was  between 
66  and  160  volts.  The  rated  raE.v3.pmsv  voltage  of  50  volts  for  the  hack 
direction  should  not  he  exceeded, 

Figure  A*- 30476,  taken,  from  Reference  B,  Illustrates  the 
negative  slope  observed  in  those  tests. 

Effect  of  Increased  Ambient  Temperature 

The  four  graphs,  A-38X6G-0,  A«o8!67=G',  &»38XS8*'Cj,  and 
A»S8169~Gt.  chow  the  relation  of  resistance  to  fgrward? current  for  four 
diodes  at  five  ambient  temperatures?  33,5  0,  40  C,  60'C,  end  100  0,  The 
show  that  resistance  decrease©  an  temperature  increases.  The  decrease, 
however,  lo  small,  about  3.2  par  cent  for  a  30  C  ihcre&a®, 

Graphs  A«381SX~S,  A-38165^0,  Ar=38163»Gt  and  A»38164«®,  show 
resistance  vs,  hack  voltage  for  the  same  four  diodea  at  the  five 
temperatures,  Tha  hack  resist end e  decreases  rapidly  with  increase  In 
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temperature.  At  50  volts,  vteu  the  t«p8r»tti«  lncwjBjd  to  100^ 
roXSce  decreased  as  natch  aa  »  P«r  cent  of  that  at  £  jjjj  ^ 
^iS  volta  when  the  temperature  increased  troa  23.,  0  to  40  C, 
reel  stance  decreased  as  much  an  34  pel  cento 

Caro  must  to  exercised  In  soldering  thes*  diodes  bb 
.  .  rinmanontly  change  the  character!  Bticsc  he  *»sd 

excessive  boat  can  peman^  y  an^  ^  ^  l€Qd  lB  to  he 

between  the  crystal  nod  th  -  •  fiat-nosed  pliers  or  a  clip 

soldered  should  he  grasped  with  a  pair  °*  1(?ac  iengta  of  3/6 

especially  designed  for  thes length  of  3/4  3nch  la  recommended 
inch  is  recommended,  A  maximum  ljal  length  ol  for 

to  provide  adequate  eupport  fer  t  The  tester 

«-  at  — 1  "  "ltaa”- 

/)  s#  < 

Technicians 

Engineer:  /f  (3uiV\^ 
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Thi o  report  presents  the  characteristics  of  the  Western 
El  go  trie  14=172925  crystal  rectifiers  based  on  ton  crystal  rectifiers 
ordered  from  Western  Electric  Company, 

Method  of  Obtaining  Character!  at'icei 

The  circuit  in  Figure  1  was  used  to  get  th©  forward 
characteristic  at  6,  10,  20c  30-  end  40,  sainioraperoa.  The  circuit 
of  Figure  2  was  vised  to  got,  the  forward  characteristics  at0,5,  1«0, 

2cO0  and  3,0  uiiliiajnperos,  A  Simpson  mill  1  ammo  tor  K6„  203  was  vised  to 
measure  current  and  an  RCA  volt-’Ohroyot  which  had.  an.  Input  resistance  of 
909  megohms,  was  uaed  to  measure  voltage  In  the  circuit  of  Figure  1. 

An  Elects'!  0«30«3CO»30CK)  micro  ammeter  was  used  to  meaaura  current  and  b 
General  Electric  Company  dec  ad®  resistor  with  a  triplet!  0=10Q  micro** 
ammeter  was  need  to  measure  voltage  in  the  circuit  of  Figure 
Correction  was  mads  for  the  resistance  of  the  current  measuring  micro®- 
aHnetar,  Back  char ac tor 1  sties?.  were  obtained  by  reversing  the  crystal 
rectifiers  in  tho  circuit  of  Figure  30  The  multiplier  and  mlcroamioetor 
were  replaced  by  an  IiCA  volt-^ohmyst,  Real  stances  were  computed, 

The  forward  characteristics  of  the  tea.  rectifiers  were 
stable,  Th©  curves  fell  close  to  tho  XOO=ohE  constant  resistance  curve. 
The  variation  was  about  50  ohms  either  side  of  it,  The  curves  are 
shown  in  Graph  B«39l4&=»3« 

Tho  back  character! sties  wore  found  to  vary  with  time  for 
some  rectifiers.  Six  of  the  ten  showed  considerable  drift;  back 
characteristics  are  plotted  for  tho  other  four  only,  Bb«  3  drifted  eg 
rapidly  that  no  readings  could  be  taken  during  the  first  minute.  With 
eight  volte  across  it,  No,  9  showed  j-m  initial  current  In  1  pa.  After 
15  minutes,  it  showed  a  current  of  55  pa,  do,  6  showed  a  drift  from 
70  pa  to  65  pa  at  =50  volt  a  in  one  minute,  No,  3  showed  excessive 
drift  at  <-*60  volts.  It  drifted  from  100  p.a  to  200  j;,a  in  on©  minute c 
Only  one  of  the  ten  rectifiers  showed  no  measurable  drift,  Graph 
B*>38143«G  shows  curves,  for  four  of  tho  ten  rectifiers  for  negative 
applied  voltages,  Graph  E~3S147  shows  resistance  au  a  function  of 
voltage  over'  a  voltage  rang®  of  45  to  -50  volts.  The  middle  curve  it 
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A  oonforonco  an  crystcl  rectifiers  wan  hold  at  tho  Eorsyth 
Street  plant  of "the Syl vania  BLeotric  Products,  Company  on  tho  afternoon 
of  January  33.,  1947  *  Tuoao  pro  sent  war*- 


Mr.  Dana  \U  Atchley,  Jr„ 

Mr,  Harold  Kino a 
M To  Hufua  Turner 
Mx’c  Rochester 

Mr.  Cornelius,  of  Sylvan! a 
Dr.  Morris  Eunino.fi’  of  Harvard 


Mr.  Harris  FahnoctooJc 
Mr.  Ii,  Do  Vfllaon 

Mr.  J„  A.  O'BriLoft  .  _ 

Mr.  David  H„  Brown  of  the  Servomeohan-iMe  Dab-  frui.i. 


Mr  6  Brown  and  Dr.  Kublaof £  pro  seated  the  characteristic*  that 
a  crystal,  rectifier  should  have  la  order  to  he  useful  in  a  *” 

computer.  They  were  in  agreement  on  the  following  points.  Om  the J>*-* 
rani  stance  mist  ho  greater  then  100,000  ohms  between  on®  ana  fli*y  ^oU  ^  J 
end,  the  end  of  one  year  of  continuous  operation,  tho  back  res  stance  mo, 
fit  ill  be  greater  than  100,000  ohms  over  thin  range.  Two.  he  maximum 
temperature  at  whloh  this  performance  could  he  obtained  slmuld  be  epo^ileft 
by  the  manufacturer.  Throe,  the  coat  should  be  lew  no;  approc  ably  ^catex 
than  tho  oo fit  of  a  vacuum  tube.  Dr  DnUnoit  t nought  tnat  the  xoct^ior 
ohould  pees  at  leant  four  milliamperec  forward  whereas  Mr.  Brown  a£*cod  ,o 
a  larger  forward  current,  approximately  twenty  nilllasape.veu. 


Sylvenia  feels  that  it  can  meet  these  », pacifications  with  UjjUo 
difficulty.  They  boliere  that  the  maximum  temporr.turs  will  bo  about  bO  - 
At  present  they  ‘are  developing  a  special  crystal  rectifier  Tor  Hoyt  ****** 
wifi  have  a  very  high  back  resistance  out  to  150  back  joUo.  thlo  h.u  boon 
obtained,  however,  at  oome  Increase  in  the  forward  resistance.  Sy.v7an.va  wli. 
send  uo  complete  data  on  this  spool  al  vac till or  very  soon. 


Sylvan1  a  has  made  some  tents  on  the  1*34.  Tbs  oapooltonce  Wtwaou 
terminals  of  a  rectifier  in  free  4>ace  in  evidevtly  about  0.5  wjf. 
to'ita  have  been  mode  at  room  temperature,  a  5CK)-"hm  resistor  U  P *■»»  ■ 


I 


*jtr 


«<r>SSC£3  .‘knotty  fjy . 


6345 

Memorandum  15o.>  il-5S 


^Li'£S&  £2?1Z~.  .  Iuh.  *«,  *.  >-* 

raslataQOo  has  "bo®Q  moaiurod.. 
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Tha  11538  crystal  rectifier  Is  similar  to  tho  1B3&,  Bhe  principle 
difference  is  tho  maaclsnara  ‘back  volt  ego,  wMoh  I©  50  volts  for  the  13534  and 
ICO  volts  for  the  12333,  However,  boo  ease  tha  WrS  has  a  higher  beok 
realotsooa  than,  the  1H34  for  m  TOltago,  It  my  b. i  ws«  whore  n  high 
back  resistance  la  desired,  say  200,000  oh®  a,  even  thongs  tho  back  voluage 
never  ©xassada  20  volt a 0 


for  Ksemple,  the  olacaplog  application  requires  a  rectifier  having 
greater  than  100,000  ohms  back  resistance  at  20  volts;  the  hack  voltage  vLJ. 
not  be  greater  than  about  30  volt  a,  A  IH38,  rather  then  a  1*134,  is 
yecoannaaded  for  this  application  because  It  will  give  a  larger  factor  of 
©safety  and  permit  a  higher  ambient  toHparatm’ac  Also,  ii  s  were  used* 
a  large  percentage  of  the  production  rectifiers  would  have  to  be  rejocoso-o 


for  tfaa  petfror  application,  aback  voltage  greater  than  50  volt!  a 
■IB  anticipated  if  four  roctificrs  are  used  aerie  ^parallels  the  bank 
reaiatanci©  need  not  be  greater  than  50, OCX)  ohac&  Again,  this  -W38  la 
rooommeadadi,  since  the  back  voltage  rating  of  the  1S34  would  be  ©seoooum. 


However,  1134“ s  should  bo  used  wherever  they  are  satisfactory 


since  the  oest  of  a  XH3S3  1b  five  times  that  of  a  1H34„ 


Bo '  Brown ' 
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P„Bo  Report  No,  5304,  Purdue  Univ®,  March  19, 

Properties  of  GomanluK  High  Back  Voltage  Rectifier  Unite® 


Purpose  «  This  investigation  was  undertaken  to  observe 
operation  of  IH34  stock  samples  in  the  hack  conduction  direction  with  regard 


to  the  followings 

1®  Variations  in  transition  points 

2o  Effect  of  excessive  power  dissipation 

3®  Feasibility  of  forced  cooling  of  the  crystal 

Conclusions  - 


10  The  shape  of  the  1K34  back  conduction  characteristic  varies 
so  greatly  among  units  that  use  as  a  practical  negative  resistance  element  is. 
not  anticipated  in  their  present  stats  of  development® 


2o  The  power  dissipated  in  tho  high  negative  current  region 
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causes  time  variations  in  characteristics,  and  may  ho  sufficient  to  cause 
loss  of  ’both  negative  resistance  and  xmi^directional  character! sties. 


3„  Temperature  stability  at  high  power  dissipation  cannot 
be  achieved  by  practical  methods  of  artificial  cooling.  It  is  presumed 
that  the  extremely  small  contact  area  precludes  sufficient  heat  transfox* 
to  the  coding  medium. 


MsEMgifil  - 

I.  In  a  certain  region  of  its  back  conduction  characteristics, 
the  germanium  diode  becomes  a  negative  resistance  element.  (See  P.  B„  Report 
5301  and  "Bibliography  thereto.)  Thus,  its  reverse  ©b  vs.  1Q  characteristic 
is  a  double-valued  function*  ad  by  proper  choice  of  supply  voltage  and  loa* 
resistance,  two  stable  operating  points  may  bo  obtained.  This  is  illustrated 
in  Drawings  A- 30472  and  A- 30473.  In  either  case,  as  the  operating  point  is 
carried  outward  from  the  origin  along  the  characteristic  curve,  the  load  lino 
will  reach  a  point  of  tangency  l\,  beyond  which  It  must  jump  to  a  new 

location  P£.  As  the  operating  point  is  caused  to  move  back  along  the  curve 

from  to  Pg,  a  similcr  action  takes  place  from  1\,  to  P.'j<»  Points  and 

were  the  primary  subject  of  this  investigation.  They  are  herein  termed  the 
"transition0  points.  It  should  be  noted  that  for  simplicity  these  figures 
have  been  drawn  for  the  two  transition  conditions  only. 

2a  The  13334  manufacturer’s  rating  includes;  Average  forward 
anode  current  23o5  ma.  Bade  conduction  3  ma.  maximum  at  30  volts. 

For  the  maximum  rated  back  conduction  the  power  dissipation 
is  0.1  watt.  Talcing  two  volts  diode  drop  as  representative  for  rated  forward 
conduction  of  2205  mac  gives  a  dissipation  of  0.045  vra«t.>  Therefore, 
powers  greater  than  0.1  watt  are  herein  considered  "high'  or  "abnormal" . 
Reference  to  the  typical  back  characteristic  of  Drawing  .1-30476  shows  that 
beyond  the  power  dissipation  may  greatly  exceed  these  values,  ranging 

approximately  from  0.5  to  1.5  watt. 


Procedure  - 


10  The  circuit  used  in  shown  in  Drawing  A--30474.  Transition 
points  were  observed  by  varying  E^.,  with  a  constant  load  real  stance  of 

3.0,000  ohms.  Comparison  between  wilts  was  made  on  the  basis  of  and  e^g 

observed  for  a  number  of  Ir334,!  3  taken  at  random  from  stock.  Readings  ware 
taken  as  quickly  as  possible,  with  momentary  power  application  to  prevent 
drift  due  to  heating. 

One  complete  characteristic  was  taken.  For  wax'd  conduction  was 
observed  as  described  above.  The  back  conduction  was  obtained  with  octh 
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and  IL  variable,  to  obtain  points,  in  the  region  from  P.  to 


2a  The  effect  of  increased  crystal  temperature  due'  to  ^ 
abnormal  pov/er  input o  was  observed®  Characteristic  curves  at  elevates, 
temperatureo  were  not  of  primary  interest  and  wore  not  taken  due  to  the 
difficulty  in  maintaining  and  measuring  temperature  of  the  contact  area  on 
the  crystal,  face® 

3c  Artificial  cooling  was  used  In  an  attempt  to  obtain  stable 
operation  in  the  high  power  region,  where  temperature  variations  were  Q  ^ 
severe®  The  media  employed  included  air  jet, .  carbon  tetrachloride  (at  3  0.) 
packed  in  ico,  and  Ho  agent  alcohol,  (at  “VO  0®)  pocked  in  dry  ice®  The  media 
wore  applied  externally  to  the  diode  cartridge,  and  directly  to  the  ciystal 

surface e 

Results  - 

1„  On©  typical  reverse  characteristic  is  shown  in  Drawing 
A-30476®  The  forward  characteristic  for  the  sane  diode  also  is  given  in 
Drawing  Ar* 30477  ® 

Data  on  the  spread  of  transition  points  among  units  is  given 
in,  Tables  I  and  II.  Data  for  the  3°0.  temperature  tire  not,  shown®  The 
difference  between  this  and  ambient  temperature  was  not  significant  compared 
with  the  ~70°C „  condition.  However,  there  was  a  measurable  increase  in 
forward  and  reverse  resistances  and  in  the  transition  voltages  for  any  one 
unit  when  taken  from  ambient  temperature  to  3  0® 

2®  Drawing  A~30475  shows  the  change  in  characteristics 
inferred  from  observations  made  with  high  power  inputs®  Ac  oer  short  power 
applications,  the  characteristic  curves  tended  to  return  to  near  their 
original  shapes  when  the  crystal  was  allowed  to  cool®  .Power  of  about  1®0 
watt  applied  for  several  minutes  caused  a  permanent  change,  as  from  curve  1 
to  curve  3,  Drawing  A- 3047 5®  Somewhat  greater  power  input  resulted  in 
essentially  complete  loss  of  negative  resistance,  as  Curve  5,  Drawing 
A -30 47 5,  and  was  accompanied  by  about  10$  increase  in  forward  resistance  and 
as  much  as  90$  drop  In  back  resistance®  Some  samples  showed  a  drop  o  *  about 
10$  in  eh1  after  the  first  transition,  after  which  they  remained  constant 
until  the  unit  experienced  higher  dissipation  or  longer  power  applications® 

3®  All  forced  cooling  methods  tried  changed  the  diode 
characteristics,  aa  evidenced  by  increased  forward  and  reverse  resistance 
and  higher  values  of  e-o  ,  when  a  unit  was  taken,  from  ambient  temperature 
(32°C)  to  the  lower  temperature.  As  would  be  expected,  the  greatest  change 
in  characteristics  was  noted  for  the  "70  6  casOo  Tables  I  and  II  permit  .  ^ 
comparison  of  transition  point  voltages  between  ambient  temperature  and  -70  0 
At  the  temperature  of  -70°C,  two  units  of  the  five  tested  showed  two  high 
voltage  transition  points,  indicating  that  their  characteristics  were  triple 
or  quadruple  valued  functions  over  a  range  of  one  or  two  volts  in  ® 
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1 0  General  Be  script Ion 

Iho  Model  1  Crystal  Foster  In  a  device  bo  facilitate  rapid  chocking  ^ 
of  1K34  crystal  diodes.  It  will  measure  the  forward  resistance  with  an  applied 
potential  of  +1  voU0  and  the  hack  resistance  at  potentials  of  *1  and  -vO  .ol  <j«- 

Xho  present  standards  consider  a  crystal  to  be  good  if  the  forward^ 
resistance  is  less  than  200  ohm©  at  -M  volt,  and  the  hack  re 31  stance  in  greater 
than  Chi  megohm  at  -1  and  -50  volts.  She  wtor  ^ale  el  the  instrument  is 
calibrated  with  GOOD-BAD  areas  to  rapidly  indicate  if  a  crystal  meets  the 
standards,  numerical  scales  are  alao  included  so  that  the  actual  crystal 

real  stance  may  ha  noted* 


II,  Circuit  Description 


The  circuit  consists  of  a  regulated  d-c  pewer  supply  and  a  vacuum- tub© 
voltmeter,  (See  drawing  B-30466-2).  During  a  teat,  a  known  voltage  in  series 
with  a  precision  resistor  is  applied  to  the  crystal-  The ^  vaouoa- cube  volte*  w* 
measure o  th©  voltage  drop  across  the  resistor  or  the  crystal  (depending  aPyl 
the  polarity  of  th©  measurement)  and  is  calibrated  in  t ©raj©  of  resistance- 


Boui valent  circuits  for  the  throe  meaouremantts  are  shown  in 
l’he  voltmeter  circuit  la  arranged  eo  that  the  m tar  do: 1  e?  »loa  -'■Q  a«  "T.L 
with  no  voltage  appliedc  and  roads  or c-half  scale  ior  V’0J,W  icPx)^  /'r  *v 
©pec  Won  of  the  circuits  in  the  drawing  shows  that  it  the  crystal  a:. o dachas  c 
200-ohia  forward  resistance  and  a  01.  megohm  hack  roeis'-ano©,  tho  vo  m^e2. 
have  <-X  volt  applied  to  its  input  for  all  three  oases  and  the  pointer  \uU  be 

at  mid- scale o 


The  regulated  power  supply  consists  of  a  half- wave  se Ionium  re o Hi  ler 
circuit  that  supplies  voltage  to  an  OB2  gaseous  regulator  tube  *  A  voltage 
divider  ia  uood  to  supply  a  potential  of  -2  volt  a  with  a*  effect  ve  source 
resistance  of  200  ohms,  and  -52*25  volts  with  a  source  resistance  of  «*tOQ  o twa 
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Tfca  current  through  the  bleeder  siay  ba  adjusted  by  the  VOLTAGE  .ADJ 
rheostat..  Wien  it  is  correctly  adjusted  to  10  tailliac.pere35  2  volts  will 
appear  across  the  200-afcm  preciolon  ro  sinter-.  When  this  adjust®  snt  has  boon 
correctly  made,  the  -50  VOLT  ADJ  potentiometer  May  ho  adjusted  to  have  an 
open-circuit  voltage  of  "63 ...25  volts* 

The  vacuum*  tube  voltmeter  la  a  aerie e-balance  bridge  that  operates 
directly  from  the  a-c  voltage  supplied  by  the  power  transformer The  bridge 
balance  is  controlled  by  the  RIGHT  ADJ  rheostat*  and  the  rioter  sensitivity  is 
controlled  by  the  LEFT  ADJ* 

III  -  Initial  Adjustment 

When  the  unit  is  initially  built*  the  VOLTAGE  ADJ  and  -50  VOLT  ADJ 
control e  must  be  act  correctly *  First*  the  tester  should  be  connected  to  a 
115-volt*  60- eyelet  a-c  supply,,  and  turned  on  for  at  least  five  Minutes  to 
reach  operating  temperature .•>  A  voltmeter  should  bo  connected  aoroos  the  crystal 
tost  terminal  b  of  the  unit*  The  VOLTAGE  ADJ  control  should  bo  adjusted  fir  at  c 
and  the  adjustment  should  be  made  with  the  sonic  knob  eat  to  scale  A*  The 
ope n«”Oir cult  voltage  should  be  2  volts*  and  the  effective  resistance  of  the 
source  la  200  ohms*  If  a  1„000  ohme-per-vclt  meter  la  used  on  its  3- volt 
scale,  this  means  that  the  VOLTAGE  ADJ  control  should  be  varied  until  the 
meter  raada  1„8?5  volts-  The  me tor  should  have  a  relatively  high  accuracy 
{-1$  or  better)  as  the  accuracy  cf  the  tester  Is  dependent  upon  the oi?  adjustment » 

\fhen  the  above  adjustment  hao  been  made,,  the  -50  VOLT  ADJ  control 
may  bo  set,  Y/lth  the  meter  still  ao.rcca  the  tost  terminals,  the  scale  knob 
should  be  turned  to  ocalo  G«  The  open-circuit  voltage*  after  adjustments 
have  been  made ,  should  bo  62-25  volts  and  tha  source  resistance  is  104 3  800 
ohms*  If  a  1*000  obiB-psr-vo.lt  metex  la  being  used  on  its  100- volt  scale* 
the  control  should  be  adjusted  so  that  the  metor  reading  ic  28*5  volts* 

If  a  mater  1b  used  which  has  a  resistance  different  from 
ls000  oJuns-per-volt,  or  a  mater  seals  different  from  the  one  specified,,  the 
correct  mater  readings  v4.ll  have  to  be  calculated  from  the  above  Information* 

There  la  an  alternate  method  of  adjusting  the  -80  VOLT  ADJ  that 
makes  use  of  the  voltmeter  in  the  tester*  and  a  0 1  megohm  precision.  reels  tor* 
After  the  VOLTAGE  ADJ  control  has  been  set*  it  lg  possible  to  callbr.its  and 
balance  the  voltmeter  circuit «,  With  the  test  terminals  empty  and  the  seals 
knob  on  scale  Ci0  the  SIGHT  ADJ  knob  should  bo  set  ao  that  the  motor  pointer 
la  on  the  mark  at  the  right-hand  and  of  the  scale..  After  this  adjustment 
has  been  made*  the  seal©  knob  should  be  turned  to  scale  A „  and  the  LEFT  AP/J 
control  os t  ao  that  the  pointer  ia  on  the  mark  at  the  left-hand  and  of  she 
meter  ocal»t 


V  ! aAll*.  r'/'ti'l  a: 


4-  Uj  •AaJ  k-^  p^iiTiiid-Vr./VrlfL"  l«  V  7;;;^;  i,-*»i^-,  W..-1 


6^45 

iSngJLnoering  Kota  a  S---3? 


YJhen  the  avatar  lias  been  adjur.it  ad,  tho  0 ,- X  megohm  precision  roslotos 
should  be  placed  aero » a  the  teat  terminal a  and  tha  scale  knob  uet  on  scale  G 
She  -”50  VOU1*  ADD  control  should  bo  set  so  that  the  icetej.  pointer  ie  on  the 


mid- scale  mark.-.  33d a  method  of  adjustment  is  frequently  more  accurate  than 
the  first,  method  described  If  the  accuracy  of  the  calibrating  voltmeter  is 


not  very  high# 


IV «  Ope  rat  Ing  free  a  dura 

After  the  tester  has  been  allowed  to  reach  operating  temperature (l 
the  mater  adjustment  «j  should  be  checked-  'll th  the  scale  knob  or.  scale  Gr 
the  RIGHT  Al);l  knob  should  be  oat  so  that  the  pointer  Is  on  the  mark  at  the 
right-bend  end  of  the  scale «  Af  ter  this  adjustment  luxe  been  madet  the  scale 
knob  should  be  turned  to  scale  Ar  and  the  1KI?T  AM  control  sat  ao  that  the 
pointer  is  on  the  mark  at  the  left-hand  end  of  the  meter  scaler  Tha  unit  its 
now  ready  foi’  use* 

‘Che  crystal  to  bo  tasted  should  be  place  In  the  teat  terminals  sc 
that  the  polarity  markings  cm  the  crystal  correspond  to  those  of  the  terminate » 
The  motor  readings  should  be  noted  for  the  seals  knob  on  positions  A«  Et  and 
C„  and  if  the  motor  pointer  la  in  tha  HAD  section  of  the  cicala  for  any  reading,, 
the  crystal  has  failed  to  meet  the  specifications..  The  numerical  eoaloti  will 
indicate  the  uotuaX  cryotal  realatanco,  if  it  io  within  the  range  of  the 
w  instrument* 


Result  a 


In  a  batch  of  100  now  crystal 3  that  were  teste®...  approxim&t e iy  BSjfi 
failed  to  meet  tho  specifications  •  This  percentage  of  rejects  Las  been  verified 
by  tests  on  other  groups  of  now  crystals.,  it  is  possible  that  the  standards 
may  have  to  be  loysred  so  that  tha  initial  rajecit  rate  vill  not  be  00  high.. 

If  the  standards  ere  changed*  a  new  meter  scale  would  probably  be  aeoeosary 
if  the  GOOD-BAD  markings  on  the  ccnle  are  to  remain  significant  * 
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Circuit  designs  of  Whirlwind  S  indicate 

that  in  most  application*! 

the  back  voltage  across  crystal  diode n  will  bs  approximately  20  volte » 

Accordingly*  the  Model  1  Cryet&l  Teaser  has  been  changed  ao  that 
the  resistance  of  the  crystal  its  ho  a  sura  d  at  plus  X8  mlnuj?  20  and  minus  60 
volts 

Drawing  Bo- 30466~3  shows  the  modified  circuit 
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Project  Whirlwind 
bo3*vomech»nlsmB  Laboratory 
Massachusetts  Institute  of  Technology 
G.-mibridge,  Massac  ueetts 


SUBJECTS  1H34  FiVlLUHKa  AND  agTSKIOlCVTI  GH 

To!  N„  Rochester,  Sylvanla,  3  copies 

J,y  W„  Forrester,  H.  R„  3oyd,  &  .1,  Everett, 

D,.  U.  Brown,  N.  H.  Taylor 

From*  H  Fahnestock 

Date:  October  3,  1947 


You  and  your  engineer*  have  reported  the  failure  of  a  large 
number  of  11134 1  •  In  the  course  of  testing  our  multiplier  panels,  I 
have  tried  ;o  reconcile  thie  with  our  experience  in  the  past 
eighteen  monthe  with  some  3500  crystals  The  majority  of  those  have 
been  v  eed  by,  or  under  th9  supervision  of,  eleven  engineers,  I  have 
aeked  all  of  them  approximately  the  question?  "  What  failures  or 
deterioration  of  1N341*  have  you  experienced  that  could  not  bo  ex¬ 
plained  by  exceeding  ratings  or  mistakes  in  wiring,  tenting,  soldering 
or  dropping"  An  analysis  of  their  replies  follower 


No,  of  jtogl  risers 
-  -kfluortl nr _ 

6 

1 

1 


1 

1 


Shcperlenoe 

No  unexplained  failures 
3  or  4  unexplained  failures 

3  failures  with  no  effort  made  to  find 

cause 

No  unexplained  failures  or  deterioration 

Some  cases  of  resistance  deterioration 

Forward  resistance  not  stabilised  in 
300  hours 


From  the  above  it  would  appeal  that  your  reported  recent 
experience  U  very  different  from  our*<  I  would  recommend  a  careful 
investigation  of  shop  practice  and  technique*  In  testing  our  panels  before 
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concluding  that  IN  34*  a  are  Inherently  ««U»p»ofc  it-  «»  <,lc'“ 

f3ol  free  to  circulate  thin  aomoranto  in  your  *$roup  hut 

not  to  publish  j^cjaBli  tr on;  It- 
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SUBJECT 

5  standard  symbol 

vf,.  rr* r  atm. fete ‘‘-t*  •*“ 

Tos 

1.11  Engineers  &  I 

From  3 

0 V/ .  If  at  t  <J  r  0 

Bates 

October  14*  19’lf 

A  turkey  of  applicable  standards  and  commercial  practices  Bade 
recently  by  Steve  Dodd 

A  gi,anaa  rprmorsibility  of  the  engineers  to  specify  the 

helot#.  #t  will  t  T  -  •  ci  j  odes  being  used .when  having 

manufacturer  o:t  the  non- vacuum  .  ,  donartraent  will  then 

-nhomoHe  circuit  diagrams  made.  The  dim.  ting  aop&iwn  « 

ST0t to  ^eet/and  late!  the  diodee  on  tte  tehetatite. 

Standard  Syabol_and,J^^elljBi 

AU  dry  disc  ™d  crystal  rectiflera  (teleniu»,  copper-oxide,. 

T?c  )  or©  to  be  represented  by  the  symbol  — “ffrrr”'  , 
germanium*  esc.;  aiu  ^  a-j  vert  ion  of  conventional 

where  the  arrowhead  always  represents  the  dlxecu.ior, 

current  flow  (not  electron  flow). 

z,  Components  shall  he  mmberod  CSB-1.  <®-3,  etc. 

3.  labelling  of  diodes  shill  agree  rrtth  that  <rf  the  manufacturer, 
ae  follows? 

a)  A  Sylvan  la  crystal  diode  shall  be  labelled  as  ,a\lmsi 

GR-1  (GOMPOHEHT  HO.) 

teJ  _ _ _  IN  34  (JM  TYPE  HO.) 

7f  "H  ....  (POLARITY  MAR3G3D  CM  CRYSTAL) 

b)  j  y.«tnin  Electric  crystal  diode  shall  he  labelled: 

( DOT  MARKBD  » «-l  (OCWOWII*  *«0 

on  catatH)  j-iffcssfc  (  "*  *•  -J'i1  -  •' 

«)  .  te,w,1  Telephone  &  Badlo  Cm)  selenma  rectifier  sheeld 

beTiTbelled  as  follows  s 

Ca-1  (CCW?GMEKT  NO  )  .... 

_ wl_  Jr  (PUb/.'UTY  AS  M.VRKED  OH  RECTIFIER) 

1  F  ,T  R  P 


’UfJdKutEtlUl 


. . . . 


than  the  abo-?e  ofcsl 
.  he  has  a  echsiantic 


Signed  {. 


’  F !- 13  vy  [itr 'Jill  !i]  I  is  VP , ' ;  j' ^  Jf  fl** 


SMlVQMBSbiiiOMS  UKUlaTOK 
MasoaobaBOT*t»  Ineifcattfco  oi  Icofo 
Oisabri  d/»©  (  M.*M5eaol’».30t.t  & 


Joi  n  Jo  O  ' Brio a 


Vfritton  By 


i^30S3'3'l 
J>30&7M 
4-30439 
lu  30430 


Lip-Hop  Olrcsttite  InveRtigatiou  of 


Subject 


Ref ©rones 8 


lr-  30334 
^30336 


Ci.JUOit 
WW  536 


3e  “Deoiids  OounlfJtt. 
?;  U-egaer,  6345  H.l 


Ie  PBUHITiOW 


ilifiiikh&V  irritK^rf'Ijil 


Since  this  control  grid  of  oao  tube  is  driven  below  cutoff, 
a  negative  voltage  met  bo  euppliodc  This  can  be  cat] ion©  bias  as  in 
Drawing  2to0  A-303X3,  The  cathode  a  could  be  tied  to  a  positive  supply 
or  tho  ends  of  the  control  grid  real  store  could  be  brought  to  a 
negative  one.  The  latter  method,  not  yet  investigated,  may  have  some 
advantage So  With  cathode  bias,  the  circuits  operate  satisfactorily 
and  require  only  one  power  supply. 


b)  Triggering 


Tho  circuit  oaa  be  triggered  on.  any  electrode,  Drawing 
No,  A- 30 31 3  shove  cathode  triggering.  Here  either  positive  or  negative 
triggers  can  be  used.  Tits  lev  cathode  impedance  is  tho  only  dig-’ 
advantage  of  this  method*  When  triggered  on  tho  control  grids  ns  in 
Drawing  No,  Ar-30314,  the ' load  on  the  triggering  sotvroo  is  not  so  large. 
The  crystals  tie  both  control  grids  to  the  trigger  source  through  a  low 
impadaa.es  and  couple  the  grids  together  through  the  high  back  lisped  one© 
of  one  crystal.  In  this  schematic  only  positive  triggers  may  bo  used. 


Besoms©  of  the  crystals,  the  charge  and  discharge  times  of 
tho  input  coupling  condenser,.  0,01  MJi'D  would  differ  widely  If  there  was 
ao  resistor  from  the  junction  >;.f  tho  crystals  to  ground,  Inserting  this 
resistor,  8,SK,  decreases  the  discharge  time  of  tho  condenser  by  at 
least  a  factor  of  f>*  thereby  permitting  a  short  or  period  between' trigger- 
an  increase  in  prf. 


To  0.30  negative  triggers  in  thin  circuit*  tho 
reversed  in  polarity  and  their  junction  tied  through  a  : 
oathofl©,  instead  of  ground. 


The  oironite  of  this  report  switch  on  tho  falling  edge  of  tho 
trigger*  so  the  switching  time  io  increased  by  an  amount  equal  to  tha 
trigger  width.  To  make  these  circuits  act  on  the  loading  edge  of  tha 
trigger  requires  critical  adjustments  that  are  impractical,  for  general 

ttOO, 


To  produce  short  triggers,  especially  where  one  flip-flop 
drives  another,  a  t jigger  tube  is  necessary,  Drawing  Ke  A-30315-4 


.  Mm.Mnu  iatwj  wif.^s-'is 


AJX.rW,h/n.. 


the  echecatic  of  each  &  circuit,,  She  plate  inductance  is  waned  by 
the  capacity  of  the  crystal  and.  other  stray  capacities-.  to  & 
frequency  of  the  order  of  5  megacycle  eB  Shrough  the  clipping  act?  o» 
of  the  crystal,  the  output  Is  cae<d\&If  cycle  of  oscillation.;  'five, 
polarity  of  the  output  pules  depends  upon  the  polarity  of  the  cryotal 
The  positive  trigger  ro suite  when  the  tube  is  cutoff  sad  the  negative 
when  the  tube  is  caused  to  conduct  mors  strongly.. 


bore on 


A  circuit  using  pentodes  is  shown  in.  Drawing  Ko«  iV-o031Ch.l  „ 
She  screen  voltage  iu  oappiied  ’by  t icing  'both  screens  together  and 
through  a  resistor  to  the  plate  supply..  With  these  conneotions.  the 
screen  voltage  ia  constant  because  as  one  tubs  conduct <3  the  other  tube 
is  cutoff*  She  output  pulse  has  a  good  low  frequency  response*  a  flat 

tc  V. 


f)  Peaking 


Switching  Sim; 

&  U  C  o 


Lttoiioxsnm 


7  *?  o 
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g)  Resetting 

A  roast  ting  trigger  can  be  applied  to  one  control  grid,  in 
the  flip-flop  circuits  already  shown  in  Drawing®  Jfo8:  A- 30315,  A~  30614: 
and  A-3G3X6--.1U  Shi  a  trigger  acsurss  that  tho  circuit  •will  start  in 
tha  same  position  for  each  cycle  of  operation.  la.  sosr.o  section*  of 
the  computer,  circuits  such  as  Craving  No,  A~3023?--l  vill  ‘m  uaefl.  vrhor® 
the  sot  trigger  is  not.  applied  to  each  control  grid  simultaneously* 

Hare  the  two  triggers  can  bo  either  both  positive  or  both  negative. 

This  has  been  found  to  he  tho  beet  method  of  triggering  these  circuits* 
The  tolerances  on  the  trigger  vrldtha  and  ansplltud©  arc  much  wider  and 
the  flip-flop  will  switch  on  the  leading  edge  of  the  trigger  eliminating 
the  delay  of  the  trigger  width* 

III*  IQWUgQVfflR  ciitcun1 

Craving  Ho «  A-30314  giwa  the  circuit  valuer,  for  tho  bent 
low^pcwsr  flip-flop  do  signed  to  date*  :Vlth  a  type  2051  tube  the  riti© 
time  1b  slightly  faster  than  with  a  type  68EV,  I’ha  circuit  has  operated 
satisfactorily  at  a  trigger  rate  of  one  megacycle*  Tho  plate  supply 
tolerance  is  ±  300*  It.  required  a.  t Jigger  of  10  volte*  amplitude*  She 
pl  a  t®  dissipation  was  below  500  of  EiM&mvu  rated  value,  She  output 
varies  with  the  plate  supply  from  30  to  75  volte. 

iv-  Hifflswpowm  gt.rouxt 


She  circuit  of  Drawing  iTo0  Ar>30316>*I  ran  with  a  trigger 
frequency  of  7  megacycles,  tho  limit  of  available  oscillate  rs(  but  oiaee 
the  rice  time  was  approximately  0*1  microsecond,  it  should  roach  0 
megacycles,  The  plats  supply  tolerance  was  ±  36$*  She  trigger  amplitude 
required  was  15  volts*  She  plots  dissipation  was  below  500  of  maximum 
rated  value  but  the  screen  dissipation  wats  650, > 

She  smaller  value  of  screen  resistor  given  la  Drawing  No, 

A- 30316-1  can  bo  used  when  the  plate  supply  In  160  volts  or  lower*  With 
plate  variation  the  output  pulse  went  from  20  to  40  vc.lt b, 

N0^.1001gS  JORDAN  GlfoTtJXSS 

She  as  flip-  flop  u  have  not  an  yet  boon  nade  to  operate  as  well 
as  the  conventional  type* 

a)  Drawing  No*  A- 30336-1 

She  suppressor  grid  la  tho  triggered  electrode*  Only  negative 
triggers  can  be  used*  She  switching  tiraa  was  0,6  microsecond©*  Power 
Supply  toloraa.es  ±  40 0*  A  trigger  amplitude  of  13  volte  war,  sufficient » 


I'S'SK^  '< :  HsftL  axfty1  jutSae>a(^f»ii*!«satffe'K:s«^t>s6stji.'j’asnss5Gieh.t''i^^!-k  JU!V!>;^  Jf. 
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t>)  Dewing  Bo«  i\  "503S5-*! 

Hero*  the  funotl oar;  of  tha  suppressor  and  'control  grid  are 
Interchanged.  Either  positive  or  negative  triggers  mey  b©  need*  She 
switching  tisi®  ia  ( approximately  0 „76  microseconds.  Only  «,  plats  supply 
tolerance  of  £  20$  was  possible*  Again*  the  trigger  amplitude  was  13 

VOlt So 

_q)_  Drawing  No*  A°303i.7 

The  transformers  add  regeneration  to  each  half  of  tha  flip* flop* 
A  complete  investigation  has  not  been  made  of  thin  oircvAt.  However, 
transformers  used  similarly  in  tha  circuit  of  Drawing  Ho*  &-•  30  2X6*1  gave 
a  peaking  effect  and  greatly  reduced  the  required  trigger  sjiplitti&e. 

4) _ Circuits 

The  circuits  described  by  Victor  IU  Ragner  in  Reference®  A  and 
B  wore  tested  in  the  laboratory  and  found  to  have  m  upper  frequency 
limit  of  200  kilocycles* 


VI*  PHOTOGRAPHS 


a)  Test  Circuit 


Drawing  Ho*  D--30A38  shows  the  tes.it  circuit  raid  to  obtain 
photographs  of  some  waveform®  of  flip-flops  whoa  triggered  at  a  high 
prf  of.  1  megacycle®.  A  frequency  alvidor  was  necessary  to  produce  a 
pulse  at  about  5  kilocycles  prf  in  synchronies  with  the  ?  megacycle 
pulses  to  trigger  the  Model  5  Synchroscope  sweep.  Since  the  frequency 
divider  contained  ns  components  the  two  types  of  flip-flops  to  be  tested,, 
it  seemed  best  to  examine  their  waveforms  while  under  the  operating  con¬ 
ditions  of  the  frequency  divider*  A  cathode  follower  proba.  Drawing  No,. 
A»30439,  was  used  to  bring  the  signal  front  various  points  in  the  frequency 
divider  t©  the  vertical  plates  of  the  Model  5  Synchro scops e 

She  synchro  scope  had  a  vertical,  calibration  of  62  volts  per 
large  division*  ©ad  the  cathode  follower  probe  an  attenuation  of  0*.6*  So. 
for  an  interpretation  of  the  photographs,  ths  vertical  calibration  can  b® 
considered  as  86.5  volts  per  large  division* 

Sue  input  capacity  of  the  cathode  follower  probe  was  15  puf* 

This  was  tha  greatest  capacity  load  on  aay  of  the  photographed  points,, 

The  following  table  gives  the  number  of  traces  on  the 
synchroscope  during  each  exposure* 
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A- 30 336 
3fi3-i 
SI  3-4 


3313-10  is  tins  waveform  of  tbs  output  of  a  trigger  tube 
Drawing  Sto.  Ar»3033.&«lc.  taken  at  point  A  In  Growing  No„  B-3043B,, 
the  trigger  fed  to  the  flip-flop  ie  0o3.  {i  see*  long. 


F13-15  shows  the  waveform  at  point  0  in  Drawing  D~ 30435  of  the 
same  type  circuit ,  using  &  tried©.  She  output  trigger  la  0,3  fj,  sec.  long. 


KLS®1,  «3,  «3,  give  the  waveforms  at  point  B  in  Drawing  Ho 
B=» 30438,  of  the  high-speed  flip-flop,  Drawing  Mo,  A-303KKI,  when 
triggered  at  a  7  megacycle  prf.  Because  of  the  prebo ,,  this  flip-flo; 
&  wiring  capacity  load  of  about  4  oa  one  plate  and  about  30  |.t,p,f  i 
the  plate  that  was  photographed. 


113-4  and  -8  give  hat-tor  detail  of  the  rise  and  fall  times  at 


tho  same  point, 


3313-7,  taken  at  point  D  in  Drawing  Mo,  13-30438  is  the  waveform 
of  the  low® speed  flip-flop  of  Drawing  No,  A->30314.  Again,  it  had  an 
unbalanced  capacity  load,.  The  circuit  was  being  triggered  at  about  on© 
megacycle)  prf„ 


513-8  and  «9  give  the  detail  of  the  rise  and  fall 
taken  at  the.  same  point. 
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SWEEP  SPEED  *  0.54  JUSEC  PER  LARGE  DIVISION 


F  13-9 

SWEEP  SPEED  - 0.54  jUSEC  PER  LARGE  DIVISION 


VERTICAL  CALIBRATION 
52  VOLTS/ LARGE  DIVISION 


PLATE  VOLTAGE  WAVEFORMS  OF 
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VERTICAL  CALIBRATION 
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Xq  .Zairoduptloa 

Mb  Engineering  Hot,©  1*  ©  description  of  &  flip-flop  circuit, 
Sketch  Ho.  SB-39373-3,  do signed  for  use  in  the  accumulator. 

2 o  Lino  Terminations 

Short  lengths  of  RG-65/U,  1000-ohia  cable,  used  m  delay 
olesaonfea,  are  difficult  to  terminate  exactly,  Therefore,  to  cat  down 
noise  ond  reflected  triggers,  both  ends  of.  these  cables  should  ‘be  terminated 
in  an  impedance  as  close  to  the  charset arietle  Impedance  as  ia  possible--. 

Three  BG»65/U  lines  will  ’bring  triggers  into  this  circuit. 

The  cowploaeatlng  trigger  cable  is  terminated  in  an  Impedance  close  to  1000 
chain  when  the  input  Impedance  of  the-  cathode  follower  Is  chanted  by  1000  ohms. 

In  oach  control  grid  of  tho  flip-flep  signal*}  from  aa  RG-65/U 
ead  from  a  100  ohm,  B&.63/U,  must  lx*  mixed  and  both  linos  terminated 
correctly.  The  mixing  end.  terminating  circuit  is  shown  in  the  dotted  block 
m sr >cBd  20 

3a  Tri g&ar  Ohareo tori ati c a 

A?  The  complementing  positive  trigger  is  fod  through  th© 
cathode  follower  to  the  cathode  of  the  flip-flop.  The  cry ratal  shunting  the 
0.1  megohm  resistor  is  to  clamp  end  prevent  the  increase  of  bias  at  high 
duty  cycles.  Trigger  characteristics  are  given  in  the  following  table. 
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Minimum 


trigger  Width 

p.  fcBCo. 


'.i'rlyger  P5;-j! 


7x isafiT  Amplitude 


BX&t©  Supply 


O.ObSo 

OA 

0.05 


500  cycle 3 
500  cycles 
4  raogecycX®® 


X00  150 

7  9c  5 

5c  4  6c  7 

Be  3  Sc  3 


000 
t  :> 

7.8 

9t.!;» 


Ths  Kasiasam  trigger  amplitude  in  all  fcha  above  type  a  of  triggers  is  over  50  volts. 


Ths  set  and  react  trlggsra  to d  to  the  control  j.yid  circuits  have 
a  sslaismam  amplitude)  of  about  1.5  volte  at  a  PBE  of  500  cycle su  and  a  plate 

supply  of  l£0  volte.  The  width  may  vary  fro n  0.5  to  0.7  r.vto,  B’he  maximum 
t rigger  amplitude  ic  over  50  volts.  • 


0.  a  100  microhenry  cJiofrn  in  placed  5.n  or.ch  plat<  load  principally  to 
lower  she  minimum  amplitude  of  trigger  required* 


%  •-"  p '  Volt  ago  b 

‘J.’fce  following  vol  togas  vors  sraaBurad  with  a  voltoi^c!:,  SM  2652. 
Plate  Supply  -  150  volte.. 


volte 


1§ 

Volts 


Plate  to  ground 
Grid  to  ground 
Cathode  to  ground 
33 


84 

13X 

BI¬ 
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88 
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•"il  0r*o  grid  aborted  to  the  cathode. 
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Ik  ^kSggrJ?5,be. .Voltafiqa 
Cathode  to  ground 
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33 

117 
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5.  Stability 

Some  of  the  previous  flip-flop  circuits  had  an  instability  which 
was  increased  by  component  toleranooe.  Occaeloaelly  after  &  wo3k  or  rn'  of 
satisfactory  operation  the  circuit  would  mnltiVibra&e.  Side  instability  whs 
»to«  eiw  in  mrnop,  which  could  not  ho  cot  End  while  ttoy  wX 

boiag  complemented  ovary  ten  micro  seconds. 

As  an  attempt  to  overcome  thia  difficulty r  firet.  the  control 

S  ibT%t  tuLim%T **"*«**•«*  ^satire  woUagc  on  tie  grid 
;  ??%,  tfte  Cftthoda  r0£!--Gt^  1®  condenser  coupled  to  the 

on- ho  da  io..lower,  esc  that  the  conducting  tube  acts  like  an  amplifier  with 

zSrrati°ae  i5U0  teRds  w  koep  t;h®  S*14  wltage  of  the  conducting  tube  at 

«  K  vo1*rl¥itSJh?  screen  at  1XX5  volts,  a  SAG?  tubs  is  cutoff  at  about 
•6o«  -molt i».  1...Q  nesign  should  give  a  grid  swing  from  0  tc  12  volts,  5m « 

_b  shown  in  Section  4At  where  the  owing  U  0  to  11.  volt©,  when'  the* grid  Vf 
the  conducting  tube  is  held  at  0  volt©,,  to 

in  indication  of  the  effect  of  circuit  tolerances  iB  rtvnn  in 
ooctroa  JAo  d&ro  the  coa^lementing  t^;,;  •;»  vae  raaasnrofl  vith  the  elate 
mppxy  at  100,  150,  and  200  volts.  "  3 
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Numerous  flip-flops  have  been  bull'  nnd  tested.,  Of  these  only 
three  appear  to  be  of  value  for  the  work  of  this  project  These  aros  first 
a  tried®  flip-flop  using  the  2051  twin  triodej  n  ascend  trio da  flip-flop 
using  the  7F8  twin  triodo  and  a  flip-flop  using  a  pair  of  6Ai,f?  pentodes. 

The  application  of  the  two  triodo  flip-flop  a  la  rather  limited  because  of  the 
long  time  required  to  switch  them  from  oue  state  to  the  other.  For  thin 
reason  most  of  the  project  work  lias  been  on  the  6aG;7  pentode  flip-flop  Th® 
first  requirement  which  need  be  satisfied  by  this  flip-flop  In  high  operating 
speed.  This  requirement  was  fulfilled  satisfactorily  by  an  early  model  as 
typified  by  Dwg„  A-3C316--1  This  model  would  operate  quit®  satisfactorily  and 
switch  in  less  than  1/IQ  miert,  second*  However,  there  were  numerous  other 
difficultle  n;  in  particular,,  the  flip-flop  wee  very  sen  sit  v»  to  variation® 

In  trigger  length  and  amplitude  a  Considerable  further  work  has  resulted  in 
the  flip-flop  of  Bwg,  SB  39272-2  in  which  the  undesirable  sensitivity  to 
■variations  in  trigger  lengths  mid  amplitudes  has  been  largely  eliminated-., 

The  results  of  tests  on  a  single  flip-flop  of  this  typo  may  bo  found  in 
Engineering  Notes  Nv  E-42o  ft  is  important  to  realise  that  the  results  of 
this  test  apply  only  to  the  single  flip-flop  which  was  measured  in  the  test 
and  only  with  the  individual  pair  of  tubes  used  In  this  note,,  bo  attempt 
was  mad®  to  take  into  account  variations  in  components  The  variation  in 
plate  voltage  that  was  used  in  making  thto  teat  does  not.,  in  any  way,  give 
any  reasonable  indication  of  the  difficulties  '.hat  way  be  expected  due  to 
register  value  variations  or  variations  in  tube  t r an spo  ndu< ; t anco  or  tube  plats 
currents ,  Teats  are  .-:*,cw  underway  by  John  J?  O  ’Brien  to  dc  ormlno  the  per¬ 
missible  tolerances  for  the  resistors  involved  in  this  flip-flop  circuit. 
Preliminary  Investigations  indicate  that  corresponding  pairs  of  resistors  in 
the  flip-flop  Bay  have  to  bo  matched  to  within  better  than  24.  The  absolute 
value  of  these  resistors  Bay  vary  by  at  least  10$  without  causing  any  difficulty 
a®  long  as  corresponding  pairs  within  the  flip-flop  are  ma  cVed  as  previously 
stated 


A  determination  of  the  perial  settle  variations  in  the  characteristics 
of  the  BAG?  tubas  need  in  this  flip-flop  la  still  pending  However.,,  it  may  be 
safely  stated  that  only  two  characteristics  o)  the  tube  will  be  of  importance 
in  the  operation  of  the  flip-flop;  these  ero  tho  voltage  neensenry  to  cut  off 
plate  currents  and  the  plate  currents  at  sort?  grid  bias 


As  may  i)©  seen  from  tha  results  given  in  Engineering  Notes  K-  42, 
the  sensitivity  to  trigger  signal  inputs  to  the  sot  and  re  sot  terminals  of 
this  flip-flop  is  much  greater  than  that  few  signal  inputs  into  the  trigger 
input  of  the  flip-flop*  Shi 8  feature  may  he  undesirable  in  that  it  will 
require  two  different  types  of  signals  i«  ho  transmitted  to  the  flip-flop 
and  will*  therefore,,  require  that  the  source  of  the  signal  he  determined  hy 
the  destination  of  the  signal  within  the  flip-flap.-,  3for  this  reason  it  may 
he  necessary  to  decrease  the  sensitivity  to  signals  on  the  eat  and  reset 
terminals-.  The  electrode  dissipations  in  this  flip-flop  have  boon  kept  to 
reaflonahla  value o c  the  plate  dissipation  being  approximately  1  ,■  5  watts  and 
the  screen  dissipation  being  approximately  .,9  watts?  the  maximum  rated 
value  a  are  re  spec  lively  9  watts  and  1..5  watts-. 

As  previously  mentioned,,  this  investigation  to  dats  Indicates  that 
corresponding  pairs  yf  resistor  a  in  the  flip-flop  may  have  to  he  matched  to 
within  hotter  than  2#e  'l  hi o  may  aoam  to  he  inconsistent  with  the  fact  that 
mime  reus  flip-flops  have  baen  built  in  the  Laboratory  using  10$  tolerance 
resistors  and  yet,,  all  of  then©  flip-flap o0  with  a  few  exceptions,,  have 
worked  reasonably  satisfactorily.*  This  is  not  quit©  the  contradiction  it  may 
Beam.,  Although  the  resistor  tolerance  is  10#  c  real  ©tors  taken  from  a  given 
lot  will  he  found  to  vary  by  Isos  than  5#  and  tho  majority  of  them  yrU-1  only 
vary  from  a  particular  value  by  something  of  the  order  of  2#  ar  3$,  l'husB 
tho  individual  resistors  picked  for  a  flip-flop  liquid  have  an  excellent  chance 
yf  being  within  2  or  3#-  However*  far  general  practice,,  this  purely  chance 
arrival  at  suitahla  values  would  hardly  ho  satisfactory  and  the  results  seam 
to  Indicate  that  it  will  ho  necessary  to  use  1#  tolerance  resistors  for  the 
aforementioned  resistors  in  the  flip-flop.  Maintaining  thsse  oloae  tolerances 
on  tho  resistor  value  will  rel$K  considerably  the  requirement  a  an  the  tubes 
to  bo  used  in  the  flip-flop  and  will  allow  a  much  wider  variation  in  the  tube 
characteristics  without  disturbing  the  operation  of  the  flip-flap „  Indications 
are  that  by  using  these  clogs  real  star  tolerance  nf  approximately  70  to  80#  of 
standard  6AG#  will  ha  usable  in  tho  flip-flap  without  any  leas  of  reliability.. 

So  again  return  to  tho  question  of  excess  sensitivity  to  signal 
inputs  on  tho  aofc  and  roast  inputs  of  the  flip-flops,.  this  sensitivity  may  be 
reduced  any  do  aired  amount  by  appropriately  biasing  the*  isolating  crystals 
through  which  the  signals  are  get  into  those  input  terminals* 

By  using  the  resistor  tolerance  values  previously  discussed*  and 
selecting  6AQ-7  with  standards  that  will  eliminate  only  30  bo  25#  of  standard 
production  tubes*  and  by  appropriately  biasing  the  isolating  crystals  in  the 
set  and  reset  .input®  of  the  flip-flop,,  we  may  safely  say  that,  a  flip-flop  may 
now  be  built  which  always  triggers  on  a  triggor  input  or  amplitude  from 
approximately  11  volte  to  50  volts  and  of  duration  from  approximately  3/ 100 
of  a  micro  second  to  1/2  microsecond  fed  to  any  of  the  3  inputs  to  the  flip-flop 
and  which  will  never  trigger  on  a  trigger  of  4  volts  or  lose  amplitude  regard** 
less  of  trigger  wldthj  that  is*  vs  are  now  prepared  to  build  flip-flaps  which 
can  bo  approximately  100#  reliable  except  far  component  failures. 
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U  is  of  interest  to  note  that  only  a  aroail  fmction  oi  the 
flip-flops  used  la  tho  conputor  will  use  ths  In? a*  ‘®  *  *  J‘h  to  re.l 

FSHr,  rt> 

irma 

to  use  a  single  trigger  tube  for  groups  oi  Q°ioYel®p«int  Is 

cut-tinr  down  the  number  of  tubao  necessary*  d oik  on  this  le  •  op 
SSJi’  tZ2«, “t  tho  scant  and  Information  on  tho  ®co«.  of  tho  «i»vor 
Xm  be  available  aeoa,  Ihl»  change  told,  in  no  v,ay,  «*K*  .*> 
reliability  of  the  operation  of  the  flip-’iiapo 

Work  to  do  terrains  the  permissible  variation  allowed  in  tj“® 
characteristics  of  6A»?  tubes  for  use  in  the  nip-flop  v/U l  * >  oar  H 
'  ,  .  T  n»T,_lA_  in  t-ha  near  future  to  determine  test  gpecUlcation<*  ^  ■" 

li°S  tlaX^  «"'«»  otandand  .too, a.  *a  »«*.  *  *,*. 

will  he  mads  available  as  soon  a  a  possible.. 
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SUBJECT;  Test  of  Resistor  Tolerance*  in  Flip-flop  Drawings; 

Circuit  SB-392? 2**2  SA- '39336 

aKFBHANCii;  3JJOB-45-58  SA-3933? 


NOTE;  Drawing  SB-39272-2  already  distributed  with  B-42 
DATA;  AugUBt  19  g  1947 


Conclusion; 

Thie  flip-flop  circuit  with  the  two  5600  ohm  and  the  two  2200  re¬ 
sistor*  at  l^b  tolerance  and  the  other  resistors  at  5$  should  give  Btable  operation 
because  either  tube  when  non-conducting  will  have  approximately  twice  cut-off  bias 
on  its  control  grido  The  test  reoults  also  show  that  decreaulng  the  tolerance  to 
on  the  1600  ohm  plate  resistors  makes  practically  no  difference*. 

lairadaBtiaa* 

These  Engineering  Notes  present  the  results  of  a  test  of  the  resistor 
tolerances  in  flip-flop  SB-39272-2®  Permissible  variation  in  resistors  will  be 
decided  upon  firato  Then  these  values  will  specify  tolerances  on  the  characteristics 
of  the  6AG7  vacuum  tubes  used  in  the  circuits  Another  Engineering  Note  will  cover 
the  effect  of  tube  variations® 

The  first  criterion  of  etabllity  in  a  flip-flop  is  the  relation  between 
the  bias  voltage  on  the  control  grid  of  either  tube  when  it  is  non-conducting  and 
the  cut-off  character! at io  of  the  tube® 

Test  Method. 

The  resistors  were  measured  on  a  General  Hadlo  impedance  bridge „  SM-3450® 
The  tolerances  were  placed  to  have  the  worst  cumulative  effect  on  the  circuit® 

This  arrangement  of  tolerances  is  shown  in  Figure  19  Drawing  No®  SA-39337® 
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Three  measurements  of  all  circuit  voltages  were  made  with  a  Weston 
Voltmeter,  1000  ohm  a  per  volt,  SM-702,  using  the  300  and  100  volt  scale  b<>  First 
the  voltages  were  taken  with  no  tubes  ia  the  circuit,  second  with  a  6AG?  tube  in 
position  V^  of  Figure  1  and  third  with  the  same  tube  in  Vg-  These  three  sets  of 

circuit  voltages  were  measured  for  various  tolerance  value s» 

One  6AG7  tube  wej  used  for  all  tests-  On  the  tube  checker  it  had  the 
following  characteristics- 

The  voltages  of  Column  A  are  approximately  those  of  the  conducting  tube 
In  the  flip-flop  circuit  ind  those  of  B,  the  non-conducting. 


A 

B 

Plate  Voltage 

50 

90 

Screen  Voltage 

90 

90 

Control  Grid  /oltage 

0 

-4,5 

Plata  Current,  ma. 

30 

lo5 

The  control  gric  voltage  of  Column  B  is  by  definition  the  cut-off  voltage  of  this 
tube- 

This  6AG?  is  one  of  40  measured  on  the  tube  checker  \mder  conditions 
A  and  Bo  Their  average  plate  current  »  30-41  Ha?  and  average  control  grid 
volts  ■  -*4o6o 

In  Table  Drawing  Mo-  SA-39336  each  row  gives  the  value  of  the 
tolerances,  arranged  as  in  Figure  1„  from  which  a  circuit  waij  constructed  and 
testedo  In  all  the  circuit  voltages  measured  only  the  control  grid  voltages  are 
recorded  in  the  table- 

In  row  A,  f:r  example,  when  the  6AG7  was  placed  in  circuit  position  V., 
with  Vg  empty,  it  conducted  with  0  control  grid  volts,  and  -6  volts  bias  was  1 

available  for  the  control  grid  of  position  Vg,  In  the  next  column  over,  the  same 

6AG?  was  placed  in  position  V„  and  there  was  -14  volts  bias  available  to  the 
control  grid  of  V,,-  * 

The  la^t  column  gives  the  minimum  bias  available  to  either  tube  when 
non-conducting.  The  relation  between  this  minimum  bias  and  the  cut-off  charac¬ 
teristic  of  o  6AG?  tube  gives  an  indication  of  the  circuit0 a  stability , 
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J„  W,  Forrester,  H.  Fnhnoetook,  D„  Re  Brown  6348 
N,  H„  Teylor 

Jc  0,  Ely  Page  1  of  3 

Precision  Resistors  for  Ueo  in  Flip-Flops 

August  26,  1947 


A  survey  of  the  available  types  of  precision  re, 
sletore  has  been  road©  for  the  purpose  of  finding  a  typ© 
suitable  for  use  In  fllp-flope  Incorporated  in  W„W„I5  and 
W0WoIIo  Because  of  the  dose  tolerances  to  which  thee© 
resistors  must  be  held,  the  following  points  were  considered* 

1„  Resistance  unite  should  be  purchased  with 
an  Initial  tolerance  rating  of  £1$, 

2,  Wire-wound  or  metallic-film  types  arc 
preferable  to  composition,  metallised 
carbon,  or  carbon-film  types. 

Units  should  be  operated  as  far  below 
rating  as  ie  consistent  with  the  re¬ 
quirement  that  resistors  be  reasonably 
compact o 

With  the  above  requirements  in  mind,  three  types 
of  resistors  are  recommended.  Order  of  preference  Id  the 
same  ss  order  of  listing,  Th®  types  ere; 

1„  I.T.E.  No.,  116J3,  This  resistor  is  a 
single-layer  inductive  wire-wound  unit. 

Used  as  a  power  resistor  its  rating  is 
8  watts,  but  a  more  reasonable  rating 
as  a  precision  resistor  is  3  watts. 

Physical  construction  of  the  unit  ie 
very  .rugged  and  will  tend  to  give  ex¬ 
cellent  stability.  Tests  In  our  lab¬ 
oratory  Indicate  a  temperature  co¬ 
efficient  of  about  }Go0^  per  degree 
centigrade.  Preliminary  checks  in 
the  laboratory  indicate  that  this 
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resistor  type  will  be  satisfactory  for 
uao  in  high-speed  flip- flops  in  spite 
of  Its  inductance.  J.J.  0"Brien  will 
make  further  teets  to  determine  whether 
any  adverse  effect  on  operation  will 
result  from  use  of  these  resistors,, 

A  trial  layout  of  the  "Carry  Flip- 
Flop"  in  the  accumulator  register  In 
being  made  by  Walter  Cook  to  determine 
the  best  method  of  mounting.  Price 
for  p#  tolerance  unite  will  be  about 
fifty  cents  each.  Delivery  is  not 
certain  but  will  be  about  six  weeks. 

2.  Continental  Carbon  "Nobleloy  X"  typo. 
This  resistor  is  a  metallic  film 
type.  It  Is  available  rated  at  1, 

1,  2,  and  5  watts  as  a  precision 
resistor.  Physical  construction  is 
good.  Radial  pigtail  leads  are  fur¬ 
nished  on  all  sizes,  and.  only  the 
5-watt  size  is  large  enough  to  re¬ 
quire  additional  mounting  support. 

The  unit  Is  slightly  Inductive,  but 
has  less  Inductance  than  the  wire- 
wound  type.  Manufacturer’s  specifi¬ 
cations  Indicate  that  stability  will 
be  cult©  adeouete  to  meet  our  re¬ 
quirements,  Temperature  coefficient; 

Is  -0.05#  oer  degree  centigrade. 

Price  for  unite  will  be  lees 
than  forty-cents  each.  Manufacturer's 
representative  ( Holliday-Hathaway 
Sales  Co.)  claims  delivery  on  any  re¬ 
sistance  value  can  be  made  in  one  week. 

2,  Sprague  "Xoolohm"  type  6  MET,  This 
la  a  non-inductive  wire -wound  re¬ 
sistor  using  an  Ayrton-Perry  type 
winding  on  a  ceramic  rod.  Rating 
as  a  power  resistor  is  five  watte.. 

For  use  as  ©  precision  resistor  the 
rating  should  be  not  more  than  two 
watta.  Normal  stock  tolerance  is 
j.5^  but  manufacturer '  a  literature 
indicates  that  closer  tolerances 
can  be  furnished.,  Tha  largest 
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e took  resistance  value  is  5000  ohms 
No  data  on  temperature  coefficient 
or  stability  are  available,,  but 
the  resistor  should  be  comparable 
to  the  I.T^E.,  resistor  mentioned 
above.  Axial  pigtail  leads  are 
standard  but  some  additional 
mounting  support  will  bo  required 
No  quotation  on  price  and  delivery 
has  been  secured,  Use  of  this  type 
Is  recommended  only  If  laboratory 
teats  Indicate  that  the  Inductance 
of  the  first  two  types  affects 
operation  adversely. 


JOS/rp 
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SUBJECTS  FLIP-FLOP  LIFE  TEST  RACK  -  FIRST  500  HOUR  HOT 

Tos  6345  Engineers 

From:  A.  B,  Horton,  Jr.  and  J.  J.  O'Brien 

Dates  October  3.  1947 

Introduction 

1  In  order  to  test  the  operation  and  reliability  of  the  6AG7  flip- 
flop  circuit  proposed  at  present  for  use  in  WWI,a  test  rack  consisting  of 
0  flip-flop  units  has  been  constructed  and  set  into  operation.  Front  and 
rear  views  of  this  rack,  together  with  its  auxiliary  equipment  rack,  are 
shown  in  Drawings  A-31001  and  A-31002.  The  10  flip-flop  units  and  their  tubes 
are  identified  in  Drawing  SA-39357> 

All  power  for  the  rack  is  now  being  supplied  by  isolated  motor- 
generator  sets.  Because  of  this  isolation,  it  is  expected  that  all  eriora 
made  by  the  flip-flops  during  a  test  period  are  attributable  to  the  flip-flops 
themselves  or  the  restorer  pulse  generator,  and  not  to  external  effects  such 
aa  power  line  transients,  etc. 

A  test  run  of  500  hours  has  been  conducted. 


Results 

During  the  500-hour  test  period,  it  is  known  that  flip-flops  3A, 

4a„  4B,  5A,  and  5B  made  at  least  one  error.  Flip-flop  1A  (the  counter 
flip-flop)  made  no  errors  during  the  period. 

With  the  exception  of  one  tube,  the  5^0  hours  of  continuous  opera¬ 
tion  had  no  appreciable  effect  on  either  tube  characteristics  or  resistor 
values. 

Discussion 

1.  CONSTRUCTION  OF  RACK 

The  circuit  schematic  of  the  flip-flop  under  test  s  shown  in 
Drawing  SB-39261-1.  It  should  be  noted  that  no  buffer  amplifiers  are  present 
in  this  circuit.  A  tube  type  2C51,  which  drives  tne  neon  indicating  lamps, 
is  capacit i vely-coupled  to  the  plates  of  the  flip-flop. 

Reotorer  pulses  ore  provided  on  two  lines  at  a  repetition  rate  of 
100  000  cycles  per  second  by  a  modified  reotorer  pulse  generator,,  the  circuit 
schematic  of  which  ie  shown  in  Drawing  SB- 39359 f  The  time  interval  between 
the  two  restorer  pulses  is  Q»5  microsecond.  Each  of  the  two  output  lines  from 
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the  restorer  pulae  generator  drives  5  flip-flop  unite  in  parallel,  and  earr-h 
line  ie  terminated  only  at  its  end  by  the  characteristic  resistance  (100  ohm  a) 
of  the  line.  Ho  line  termination  is  provided  at  the  inputs  of  tbs  various: 
flip-flops  „ 


Initially,  flip-flop  d-c  plate  power  was  provided  by  voltage- 
regulated  power  supplies.  Five  such  supplies  were  used,  each  driving;  2  flip- 
flop  units.  D-C  plate  power  and  bias  for  the  restorer  pulse  generator  was 
supplied  by  the  Building  32  wall  supplies.  However,  transients  in  the  115-volt 
A-C  line  and  in  the  wall  supplies  caused  the  flip-flips  to  make  errors,  in 
order  to  eliminate  those  transients  and  their  effects,  oil  power  (except 
filament  power)  required  by  the  rack  and  pulse  generator  is  now  being  supplied 
by  motor-generator  sets  located  in  the  Building  32  generator  room.  Filtering 
equipment  for  each  motor-generator  set  is  located  on  the  auxiliary  rack. 
Schematics  of  the  filtering  equipment  are  shown  In  Drawing  SA-39345. 

Flip-flop  1A  is  provided  with  a  sensitive  relay  and  electromagnetic 
decimal  counter  for  detection  of  its  errors  The  relay  and  counter  are 
connected  in  the  plate  circuit  of  the  2C51  as  shown  in  Drawing  SA-3935S. 

Similar  counting  equipment  will  be  installed  in  the  remaining  flip-flop 
circuits  upon  reception  oi  additional  counters.,  By  means  of  the  counter  in 
conjunction  with  the  neon  indicating  lamps,  it  is  possible  to  ascertain  the 
exact  number  of  errors  made  by  flip-flop  1A  during  a  test  period.  Due  to 
the  lack  of  counters  In  the  remaining  9  flip-flop  circuits,  it  ie  only  possi¬ 
ble  to  tell  whether  or  not  each  of  these  flip-flops  made  an  odd  number  of 
errors  during  a  test. 

1 1 .  EFFECTS  OF  500  HOURS  OF  CONTINUOUS  OPFKA'i  I  ON 

A,  On  Resistors 

Table  SA-39351  lists  the  voltage  from  the  control  grid  connections 
to  ground  on  each  flip-flop  unit,  with  all  the  tubes  removed  The  difference 
between  this  voltage  on  one  tube  of  a  flip-flop  and  the  same  voltage  on  the 
second  tube  Is  the  circuit’s  most  important,  voltage.  This  voltage  difference 
also  gives  an  indication  of  the  arrangement  of  tolerances  in  the  two  bleeders 
of  the  circuit.  If  all  the  resistors  of  the  bleeders  had  1$  tolerances  arranged 
to  give  the  worst  cumulative  effect,  the  computed  voltage  difference  -■  1  1  volts, 
tuid  for  all  5$  resistors  =  £,,1  volts. 

The  10  flip-flop  circuits  were  built  with  resistors  having  at  least 
%  tolerance.  As  shown  in  Table  SA-39351,  at  the  start  of  the  run,  time  »  0. 
this  voltage  difference  for  flip-flop  3A  is  32-29.9  =  2.1  volts.  With  this 
exception,  3A,  all  the  other  flip-flops  have  a  voltage  difference  of  about 
11  volts  or  less,.  So  for  theee  9  flip-flops  the  chance  arrangement  of  the 
%  resistors  gave  the  same  effect  as  construction  with  1#  resistors 

At  the  end  of  the  run,  time  =  500  hrs .  Table  SA-3S351  shows  no 
change  in  the  voltages.  This  indicates  cither  no  change  In  'he  resistors  or 
whatever  changes  took  place  compensated  one  another  in  the-  desired  fashion 

The  bleeder  resistors  were  used  at  lees  than.  50$  rated  dissipation 
except  the  56OQ  ohm  resistor  which  dissipated  75$  of  its  rating. 

B  On  Tube  Character! sfc i cs i 

Twenty  new  tubes  used  in  the  flip-flops  were  tested  on  the  tube  teeter 
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at  the  start  of  the  ran.  The  plate  current  of  the  tube  was  neasu ~c&  vith 
electrode  voltages  approximating  those  of  the  conducting  a.o..  In  *he  fli. 
flop  circuit  ,  and  then  the  control  grid  voltage,  necessary  to  cut  the  tube 
off,  was  measured  with  electrode  voltages  approximating  those  of  the  non¬ 
conducting  tube  of  the  flip-flop.  These  two  sets  of  voltages  are  given  in 
the  Note  of  Table  SA-39354" 

The  tubes  were  paired  off  according  to  their  plate  current  and 
inserted  so  that  each  flip-flop  hod  tubes  with  balanced  plate  current s„  In 
flip-flop  1A,  from  Table  SA-39354,  =  27  ®a,  ~  Vg„ 

Because  of  the  preliminary  testing  on  the  life-test  rack,  these 
tubes  were  in  operation  for  probably  600  hours  „ 

At  the  end  of  the  run„  the  tubes  were  again  measured  in  the  tube- 
tester  under  the  same  conditions.  Those  plate  currents  and  control  grid 
voltages  are  shown  in  Table  SA-39354  under  the  columns  headed  Time  -  500 
hours 

A  second  Table  SB-39352,  gives  all  the  circuit  voltafees  with  the 
tubes  in,  first  with  one  conducting,  then  with  the  other.  The  table  includes 
voltages  from  the  same  points  at  the  end  of  the  run.  For  these  measurements 
the  flip-flops  were  not  being  triggered., 

In  Table  SA-39354  only  one  tube,  cBV-^  shows  a  radical  change  in 
characteristics „  However,  this  change  is  not  indicated  in  the  circuit 
voltages  of  Table  SB-39352.  The  increase  of  111#  in  the  bias  voltage  necessary 
to  cut  the  tube  off  would  not  show  in  Table  SB-  5935? ..  because  there  was  “10 
volts  available  to  the  control  grid  anyhow.,  The  25#  increase  In  plate  current 
does  not  chow  in  Table  SB-3935^’ 

C«  Error  s ; 

Only  one  counter  was  available  during  the  run,,  The  mistakes  of 
flip-flop  1A  alone  could  be  counted  exactly..  The  neon  bulbs  of  the  other 
nine  would  Indicate  an  odd  number  of  mistakes  hit  not  an  even  number. 

If,  during  on  interval,  1A  made  no  mistakes  end  each  of  the  other 
nine  indicated  either  none  or  an  even  number  of  mistakes,  then  it  was  assumed 
probable  that  no  mistakes  were  made. 

The  flip-flop  life  test  rack  was  a  10-digit  register  Each  digit 
was  reversed  every  24  hours „ 

Table  SA-39353  is  a  log  of  the  errors  made,,  For  the  first,  23/  hours 
no  mistakes  were  made,  UGing  the  probability  described  above  Next,  there  was 
an  interval  of  l6  hours  in  which  5  flip-flops  made  an  odd  number  of  errors,, 
Many  possible  disturbances  that  could  have  happened  during  this  period  were 
checked  on  with  no  result. 

For  the  next  176  hours  no  mistakes  were  indicated.  During  the 
following  interval  of  64-l/?  horirs,,  flip-flop  5A  made  an  odd  number  of 
mistakes  This  interval  is  so  long  because  the  rack  was  not  observed  from 
a  Friday  night  until  the  following  Mona*»y  morning,  For  this  period,  the 
digits  were  not,  changed,,  The  final  6-l/2  hours  were  merely  to  bring  the 
run  to  an  even  500  hour  a,. 


A  i 
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The  exact  number  of  errors  of  flip-flop  1A,  which  had  the  counter 
was  0  throughout  tho  500  hours, 

1X1  PUTURK  investigations 

A„  Second  Run; 


Phe  next  run  of  the  i lip— flop  life  test  rack  will  investigate  the 
possibility  of  using  one  driver  to  feed  restorer  clock  praises  to  the  10 
flip-flops „  The  present  method  has  a  separate  driver  for  each  flip-flop., 

Since  the  same  circuit  components  and  tubes  will  be  used  again, 
this  will  also  continue  some  aspects  of  the  first  run  for  a  few  hundred 'more 
hours „ 


Signed 


_ _ z*-yu, 

A.  3  'iORTCN  JB//  ' 


r  JQGi  J  O'BRIEN 
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Project  Whirlwind 
Servomechanisms  Laboratory 
Maasachuoetts  Institute  of  technology 
Cambridge,  Massachusetts 

SUBJECT!  FLIP-FLOP  LIES  TEST  RACK  RUN  NO.  2 

Toa  Jo  W.  Forrester,  B.  Fahnestock,  He  Taylor,  B.  Brown,  A.  B„  Horton 

From?  Jo  Jo  0°Bricn 

Date*  November  10,  1947 

COflCiURiQJJX 

For  302  hours,  the  10  flip-flops  of  the  rack  received  restox*er 
‘pulses  from  a  single  driver.  Previously  10  drivers,  cathode  follower  trigger 
tubes,  had  been  used.  No  errors  were  recorded  in  the  period.  This  makes  the 
elimination  of  the  individual  drivers  in  the  computer  look  feasible.  However, 
there  are  a  few  other  tests  to  be  conducted  before  this  method  of  triggering 
Is  completely  accepted. 

After  802  hours  of  operation.  Table  SA- 39444  indicates  no  change  in 
resistor  values. 

The  twenty  6AG7  tubes  of  Run  No.  1,  500  hours,  wore  not  used  in  the 
two  preruns  but  in  Run  No.  2.  Of  these  twenty  tubes,  after  tho  first  500  hour®, 
two  could  not  be  used  in  the  second  run.  Table  SA-39443  shows  a  general,  decrease 
in  plate  current  with  operating  time  and  little  change  in  control  grid  bias 
necessary  for  cutoff.  Table  SA-39445  gives  no  changes  in  the  circuit  voltages. 


At  present  each  flip-flop  circuit  has  a  61G7  cathode  follower  tube 
which  feeds  the  low  cathode  impedance  of  the  flip-flop,  and  provides  a  suitable 
circuit  point  for  the  proper  terminating  and  mixing  of  1000  ohm  and  100  ohm 
lines.  Now  only  about  20#  of  tho  flip-flops  in  the  computer  receive  signals 
other  than  restorer  triggers  on  their  cathodes.  If  a  gxoup  of  flip- "flops, 
which  receive  only  restorer  pulse®,  perhaps  all  on  one  digit  panel,  could  bo 
fed  from  a  single  driver,  there  would  b©  a  large  saving  in  tubes  and  otae 
components . 

The  primary  purpose  of  the  second  run  of  the  life  teat  rack  was  to 
see  if  feeding  all  the  cathodes  from  a  single  driver  introduced  any  instability. 
In  this  fashion  the  rack  was  run  for  302  hours. 

II.  Loaded_Li£Si. 

To  get  a  general  idea  of  tho  nonlinear  impedai.ee  of  a  flip-flop 
cathode,  triggers  of  various  amplitudes  and  lengths  were  fed  to  cathode  from 
a  low  impedance  source  and  through  a  series  resistor,  which  was  also  varied. 

The  waveforms  on  either  side  of  this  resistor  were  compared  and  an  approximate 
value  for  the  cathode  impedance  was  calculated.  For  the  flip-flops  oi  >ho  1  ife 


6945 

Memorandum  M-138 


Pago  2  of  2 


toot  rack  thl.  Impede.  .a.  between  160  ota.  and  500  ohme. 

Hanging  10  each  Impedance.  at  Interval.  ^£*£2??* 

It  and  change.  It.  tiun.mi.elon  nbaracterletlce.  •  *  ualng  nethod 

oharao tori. tic  impedance  fZ  IsT eta.  to  36  ctaa.  '.the  higher 

deacrlhed  ahere.  Ihle  ^  tecauee  It  roenlted  from  meneure- 

impedance  was  selected  as  a  worKing  vhx 
neats  with  short  pulses  that  would  eventually  He  usoa. 

The  total  delay  in  this  line  va*  0.05  microseconds, 

II I.  pr Ivors 

Drawing  He.  Sfc.39372  ehow.  the  too  «j*  new^^lS!” 

The  flret  .harp  cutoff  6107  f^pleolng  through  the  driver 

input,  end  la  eaelly  hlaaod  t  ep  •  thePneoeenaiy  current  through  a 
from  the  Una.  The  oeoond  616  tube  euppue.  tn  ^  drlTer  i.  only 

3  to  1  transformer  to  the  loaded  line.  me  y  y 
1  to  60. 

IV.  fyhe  failures 

After  the  flret  run  of  500  hour.  on.  tubo  Z 

creaee  In  the  control  grid  blo.necoaeary  t  ‘  it f  _ft  Ho.  u 

ss  r^7£  »  as- 

sss  th.r^rtS^^rSpn-f-  z  * — « 

damage, 

V.  Next  Runs 

The  flip-flop,  of  the  rack  will  again  the 

driver.  However,  the  flret  and  laet  n  P  P  trojL  grl4ll„  mle  will 

line  will  also  receive  triggers  .  fc  vetwoen  the  flip-flop  cathodes  in 

test  how  much  undesirable  co^x^  ®en\hl8  run  can  he  short,  loss  than 

thio  method  of  tr  .ggering.  If  all  S®®«  well  ww  ruu 

200  hours  to  prove  the  point  in  question.. 


Drawings* 


SA.-39372 

0&-39443 

SA-39444 

»U39445 


Signed 


0“Brien 
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Purpose  „  Oae  of  the  meet  cowir-on  problems  1 digital  computer 
circuit 8  is  that  of  storing  information  la  a.  flip-flop  srA  using  the 
position  of  this  flip* flop  to  open  or  close  a  ohr.ana]  •. f  gate  tubs  or 
aslaot  cue  position  of  a  matrix  switch*  {‘Xn  ifSIRldINJ  1  )»  'Mj  channel 
aalaction  may  last  for  a?»  short  a  time  as  „35  yse*..,.  up  to  oaven-.s  hows-,  o> 
3,5;  has  ssemed  necessary  to  employ  !3,.Q<,  coupling  ;j.a  tin-  aysvou.  toj 
resulting  assign  which  noc«OEitat«o?  buffer  amplifiers •  'ad  cathode  foil:* 
on  flip-flop  circuits  calls?  for  power  supplies  at  a©  w  ny  an  10  or  13 
levels*  The  problem  of  absolute  voltage  level  bscoau-s  vary  fior5.ov.sj  and 
voltage  regulation  &%  relatively  high  current  sppaur;  -oecoaoery.  TU  ...  i 
of  course,  expensive  3. a  tonns  of  quantities  of  tubes  u:ec.  f.n  power  v*. 

It  also  associates  the  rail  ability  factor'  directly  vi  tii  Vm  pewrr  supply 
regulation,  Filaments  of  various  stages  running  at  afferent  »»C.  level 
call  for  a  large  number  of  transformers* 

A  system  of  A,.G„  coupling  would  avoid  mo  s'  ■  f  those  difCiciut.vs? 
and  have  sows  other  advantages,  such  as 5 

}.„  Allowing  use  cf  somewhat  nan, FIX  or  jlgual  Irsmla, 
bs  overdesign  to  overcome  '.D„G„  I  eve!  drifting 
would  net  be  necessary* 

2a  £ms3.1er  signal,  love!  would  psrnv  t-  higher  spat  . 
operation  „ 

Method  of  t-cM.8v.ifcg  A0G„  Polling  -  fm  basic  raathods  of  noin,? 

A* C0  coupling  have  been  -suggested  to  dates 

Id  At  periodic  Intervals  in  the  program,  a  coiap‘lemun.1, 
and  rocompiemoat  pulse  may  be  e  nl  to  each,  flxp^f Xo  i;s  „ 


1  I 

lM\^i®3;aa^JKii^'iUii'9iv5i#l1?<C«bJ.,itfilrjJ\CJilStlli!lr«MjiI'JK-L*.  MBW^Hw;r.?Hiii^.yw.rt\w.«**iri,«.i<rW,.tv*W:wr.m;^>^S£Wtt”.(t.«Wi‘«W«tEmy^^  ■, 
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Elds  process  would  take  up  only  a  short  portion 
of  the  time  in  tho  period  astvenn  complementary 
pal  BOB* 

3c  She  flip--* flop  may  be  used  as  a  moans  of  holding 
open  one  of  two  gate/  tubes  representing  a  1  or  a 
0S  and  sending  preformed  gates  through  the  gate 
which  Is  open,. 


She  first  method  necessitates  putting  coiaplementiug  and  re- 
complementing  pulses  in  the  program.  ®or  "push.  button’*  operation,  a  special 
circuit  to  complement  and  re  complement  before  each  step  of  wpush  button” 
operation  Is  noecled.  This  system  can  be  considered  as  one  in  which  the 
flip-flop  acts  aa  a  gate  generator  as  well  as  a  digit  storage  twit,  the  gate 
being  on  95$  of  the  time  and  off  5$  of  the  time  for  a  zero  and  off  95 $  of 
the  time  and  on  5$  of  the  time  for  a  one,. 

The  second  syster-  needs  one  stage  of  D.O*  coupling  between  "flip- 
flop11  and  gate  tube  but  does  not  call  for  complementing  and  the  associated 
programming.  Some  complication  does  arise,  however,  in  the  decoupling  which 
is  needed  between  the  gate  signal  and  the  flip-flop.  Tho  preformed  volt -go 
in  the  plate  of  the  flip-flop  would  be  enough  to  change  the  position  of  tho 
flip-flop  circuit,  and  hence  decoupling  :ls  necessary. 

In  both  of  the  above  methods,  coupling  to  succeeding  gates, 
buffers,  switches,  etc.,  may  to  accomplished  using  a  simple  B.O.  restorer 
circuit  as  shown  on  Drawing  31.-39316. 

In  sketch  A,  the  crystal  diode  is  arranged  to  clamp  on  tho 
positive  signal  and  produce  a  .negative  bias.  If  this  amplitude  is  relatively 
large  with  respect  to  tube  cut  off  as  shown,  decay  between  pul  sea  will  occur 
below  out  off  and  no  change  in  the  operation  of  tho  gate  or  buffer  will  b© 
observed* 

In  sketch  3S  the  diode  is  arranged  to  clamp  on  a  bias  voltage 
which  will  hold  the  gate  or  buffer  normally  ^off*  The  long  gates  will  -pnrdace 
positive  bias  and  turn  the  tuba  on.  Hero,  however,  condenser  decay  between 
pulses  produces  a  direct  change  in  operating  point  c  f  the  "on”  tuba  and 
could  eeuaa  considerable  change  on  signal  level. 

Choice  of  coupling  c3adens©r  "011  will  depend  on  the  circuit  used. 

If  the  coupling  is  from  the  plate  of  a  11  flip- flop  " ,  the  coupling  condenser 
may  need  to  be  ae  small  as  100  MM.?  in  order  to  allow  the  flip-flop  to  start 
and  switch  rapidly.,  Preliminary  experiments  indicate  that  this  small 
condenser  is  still  useable*  if  a  30-volt  swing  :1a  available  at  the  start  of 
period,  after  .30  micro  seconds  30  volts  is  still  available  on  the  grid  of  a.  - 


\3P 


•I 


^If' 
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{nice  tie  ding  gate  tube*, 
cut.  off. 


This  still  gives  a  largo  factor  of  safety  'below 


In  circuits  other  than  flip-flops,  such  as,  buffers,  cathode 
followers,,  etc „ ,  it  is  not  necessary  to  use  such  low  values  of  cnpacitaaoo. 
la  fact*  if  a  large  enough  condenser  is  employed,  such  as,  .01  MB),  the 
objection  shown  in  sketch  B,  drawing  SA- 33216  is  no  longer  valid  and  it 
becomes  reasonable  to  use  either  schema  as  a  moans  of  coupling.  This 
method  does  have  a  limitation  however  in,  that  the  initial  bias  on  the 
coupling  condenser  may  not  be  attained  in  a  single  complement  and  re- 
complementing  pulse,  This  method  would  rst-uiro  the  gate  generator,  whether 
It  be  the  .flip-flop  or  another  source,  to  run  for  a  Billisecond  or  so  before 
the  condensers  become  charged.  Ones  charged,  however,  no  limitation  is 
•olaced  on  switching  speed  or  repetition  rate  as  long  as  gates  are 
generated  at  intervals  short  with  respect  to  the  time  constant  of  the 
coupling  circuit.  See  sketch  G,  Drawing  SA»39816. 


Comment  a  »  When  applying  this  type  of  coupling  to  preliminary 
designs  of  WHIRLWIND  X,  several  problems  arise  which  demand  separate 
treatment.  The  list  below  indicates  the  thinking  tc  date  on  those  problems 
and  how  they  may  be  overcome. 


Accumulator 


The  four-position  matrix  switch  in  the  Accumulator  when  used 
with  the  Restorer  schematic  described  on  sketch  A,  Drawing  SA»39216,  calls 
for  a  pulse  on  all  three  unseleoted  output  lines. 


complementing  of 

ns  two  flip-' flop e  to  occur  one  after  the  other  instead  of  simultaneously 
pad  thus  pass  through  the  four  positions  of  the  switch,  A  solution  to  thus 
problem  5.3  possible  by  installing  a  delay  lino  between  the  two  flip-flops 
connected  to  the  four-position  switch  and  complementing  one  before  the  other. 
This  adds  only  one  piece  of  cable  end  appears  to  be  t.  simple  solution. 


t 
and 


To  achieve  this,  it  is  necessary  to  cause  ihs 
occ 

through 


33-Po8ition  Switch 


m-v-vr;  rrv^MWMn  «  m 


St  is  necessary  here  as  well  at?  in  the  Accumulator  to  keep  poises 
coming  on  all  thirty-one  uneelested  lines.  Apparently,  such  pulses  do  exist 
due  to  the  change-over  period  of  the  flip-flops.  During  this  period,  sll 
t dirty- two  lines  go  to  B*  as  both  buffers  on  tno  flip-flop  cubes  arc  ct  ■<  ox £ 
during  the  switching  period.  There  is  e,  good  po ssibi lity  that  this  condition 
may  be  uoesble  as  a  means  of  obtaining  pulsed  output  as  a  source  of  D.G. 
restoring:  voltage  on.  each  of  the  thirty-one  unaeloctod  lines. 


ti 
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4  - 


He  on  Bulb  Indication 

There  is  a  possibility  that  neon  bulbs  will  not  deionize  between 
the  20  ^second  complementing  periods  and  continually  show  a  glow  in  the 
off  position-  An  H„C.  filter  in  the  grid  circuit  of  the  neon  buffer  with  a 
carefully  selocted  time  constant  should  eliminate  this  difficulty. 


At  present,  the  selected  line  presents  a  positive  15~volt  D„C. 
signal  to  a  gate  tube  and  causes  the  selected  line  to  be  opened-  A„C- 
coupling  may  be  spplied  here  if  the  circuit  of  sketch  C,  Drawing  SA-39219 
le  applied.  However,  high  capacity  of  switches  may  cause  complications. 
This  problem  is  being  given  further  consideration. 


It  has  been  pointed  out  tuat  the  6AS6  gate  tubs  presents  a  problem 
if  grid  No-  1  is  used  as  the  high  duty  factor  control.  Screen  dissipation 
with  grid  No-  3  cut  off  runs  above  rating  when  100  volts  is  applied.  Methods 
of  overcoming  this  problem  are  being  considered,  such  as  pulsing  suppressor 
and  screen  together- 
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Drawing s s 
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Tests  woro  rondo  on  an  ©speriraental  unit  of  the  A-rogiat®r, 
B-regi»ter,  and  Ao emulator,  for  the  purpose  of  observing  the  behavior  of 
l),Co  Bestoror®,  whloh  have  been  proposed  as  a  meant  of  eliminating  D„G0 
coupling  In  digital  oomputsr  olroult«»  Speolfloally,  characteristic s  of  the 
iVoC ,  coupling  between  flip-flop  and  buffer  amplifier  (both  using  type  6A&7 
tabes),  and  between  diode  matrix  switch  end,  6AS6  goto  tub«  were  taken*  Ketults 
are  shown  graphically  in  Drawings  SA-39269  S  A- 39267-1 *  and  SA--  39268-1  e 

T evt  Procedure  and  Result e 


In  order  to  simplify  tho  tooting  of  the  unit,  it  was  desired  to 
w; r2c  with  only  one  of  the  two  flip-flop  registers!,  thereby  selecting 
alternately  only  two  of  the  four  channels  controlled  by  the  four-position  died® 
r.'&trlx  ©witch*  This  simplification  was  attained  by  removing  on©  tub©  from  the 
.‘lip-flop  not  to  ba  operated,  thus?  assuring  that  It  would  remain  in  on©  oonr» 
ducting  state  and  not  be  flipped  over  by  random  no  ice  or  transients* 

Complementing  pulse©  of  Q05  peso*  duration  were  produced  by  tha 
operating  flip-flop  fro®  net  and  rssot  pulses  supplied  la  the  following  manner* 
A  multivibrator  designed  to  free-run  at  a  100  Idlooyale  per  second  repetition 
rat©,  and  driving  on  fUL-C  poaksr  and  cathode-follower  produced  0*05  |issOo 
trigger  pulcoso  The  on  100  KG  pulses  were  fed  slsraltaaoounly  into  the  flip-flop 
trigger  tube  and  an  opsu-clrouted  Q.3S  jiseOo  delay  line,  thereby  operating 
the  flip-flop  so  aa  to  obtain  a  0»5  note.  complementing  pulse* 

A  resistor  value  of  10QK  was  used  to  shunt  tho  1N34  oryatal  diode 
in  the  restorer  circuit  wo  ae  to  maka  the  testa  under  the  worst  possible  con¬ 
ditions  of  condenser  discharge  path*  In  the  final  design,  a  IN 38  crystal 
will  bo  used  alone,  and  a  oryatal  with  book  rest  stance  of  loss  than  100K  at 
-10  volts  will  be  considered  unsatisfactory* 


She  value  of  tho  capaoitor  C  vac  varied,  ©ad  measurements 
made  of  the  voltage  reuniting  at  the  grid  of  buffer  tube  and  gate  tube 
respective! 7  after  the  10  peec®  interval®  Starting  voltage  values  aro  on 
the  roeulting  grapho®  It  was  found  that  if  the  value  of  C  between  flip-flop 
and  buffer  was  greater  than  200  ppf,  the  flip-flop  operation  waft  faulty 
because  of  excessive  capacitive  loading®  Xn  addition,  voltage  remaining  on 
the  plate  of  the  gate  tube  with  a  1000  ohm  plate  load  v&z  Measured  and 
plot tad  ne  a  function  of  C« 

Finally,  both  flip-flops  were  operated  EimultaneouGly  is\  a 
manner  similar  to  that  deecribod  above®  This  teat  produced  essentially  the 
seme  reaults,  and  it  in  thought  that  no  new  problems  will  be  introduood  by 
simultaneous  operation,-. 
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A  mooting  was  held  this  aaraing  to  disouss  the  problem  of 
coupling  from  a  nip-flop  to  a  gats  tube,  The  presont  method  hac 
many  disadvantages  It  Is  shown  here* 


When  the  control  grid  of  the  6AS6  la  hit,  the  sappreseo '  draws  current , 
It  looks  ilk*  about  5,000  ohm  end  dlBctairgea  the  100  HMS’  coapj-ing 
cc£paoltor0  This  not  only  reduo«us  tlio  «uppree«or  voltage,  but  put©  a 
negative  pulse  on  the  W  tube  in  the  nip-flop,  possibly  oenelng  it  to 

awitcho 

Ono  way  out  It  to  dxlv©  the  suppressor  of  tho  6AS6  only  t 
cathode  potentlolo  That  Is, 
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iocmmf 
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In  order  to  do  thle,  the  plat©  and  screen  voltaic  of  th*  6A36  mat  b» 
increased  to  get  sufficient  plate  current 0  There  will  be  a  oonoequent 
lucre aa®  In  the  control-grid  and  eupproBSor  cutoff  voltages*  With  plat©*-- 
simply  and  screen  voltages  of  200  volts,  the  plate  currant  will  probably 
ba  about  35  joa  at  zero  control-grid  and  ijoppre aaor  voltage..  The  control- 
grid  cutoff  voltage  will  be  about  -ID  volt*.  That  moan*  that  the  fixed 
cont;:ol-grld  bias  should  be  about  -20  volts,  A  load  reeistanoe  of  about 
1,000  ohiaa  should  provide  a  eatlisfaatory  plate  swing:.  The  usual  .road-out 
circuit  looks  something  Ilka  tbds 
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Since  the  zeadf-ln  gate  circuits  will  ell  be  tho  snna,  it 
may  To  possible  to  eliminate  tho  coupling  circuit  on  the  read--. In 
gat  on  by  oomiootiag  tho  Hno-drlyer  traiisfortuer  to  -»30  wits 
instead  of  ground* 
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